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Work Order# 13-06015-0R 

Duoo 

This work order contains one water sample received 06/04/2013. This sample was analyzed for Radium-
228, Gross Alpha/Beta, Total Activity and by Gamma Spectroscopy. This sample was also analyzed as 
dissolved and suspended for Gross Alpha/Beta. 

CLIENTID 

Treated Commingled MSD 
Treated Commingled MSD-DISS 
Treated Commingled MSD-SUS 

ANALYTICAL METHODS 

LABID 

13-060 I S-04 
13-06015-05 
13-06015-06 

Radium-228 was analyzed using EPA Method 904.0 Modified. Gross Alpha/Beta was performed using 
EPA Method 900.0 Modified. Total Activity was performed using Method WSRC-RP-89-387 Modified. 
Gamma Spectroscopy was perfmmed using EPA Method 901.1 Modified. 

ANALYTICAL CIRCUMSTANCES 

Sample identification Treated Commingled MSD was received for determination of an unknown Beta 
emitting radionuclide(s) present in the sample. Initially we only received approximately 50 milliliters of 
total volume. However, an additional 700 milliliters of volume was also received. This sample had a 
very high total dissolved solids (TDS) content and total suspended solids (TSS) content. In the case of 
our initial investigations, we initially analyzed the higher volume sample, with the TSS content at the 
bottom of the sample, by gamma spectroscopy. Analysis of the sample only demonstrated the presence of 
Potassium-40 activity. 

We then placed 5 milliliters of the sample into scintillation cocktail and counted for Total Activity. 
Results were problematic by this method due to significant quenching. However, we estimated efficiency 
and determined a result. Liquid scintillation counting (LSC) spectral evaluations were inconclusive other 
than demonstrating the presence of a Beta emitting radionuclide. Evaluation of LSC spectra did not 
demonstrate the presence of any Alpha emitting radionuclides. 

At this point a Gross Alpha and Beta determination was conducted to check previous Gross Alpha and 
Beta results. Sample demonstrated no positive Gross Alpha activity. 
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ANALYTICAL CIRCUMSTANCES CONTINUED 

We also analyzed for Radium-228 to determine if Radium-228 or Actinium-228 were present. This 
analysis would also provide a positive result if Strontium-Yttrium-90 were present. Yttrium-90 is an 
interference in the analysis ofRadium-228 by Actinium-228. Sample demonstrated non-detect results for 
Radium-228 or Yttrium-90. 

At this point we analyzed sample in the dissolved and suspended fractions for Gross Alpha and Beta 
again. Sample demonstrated positive Gross Beta activity in the dissolved fraction. Activity actually 
correlates fairly well with Potassium-40 by gamma spectroscopy. Due to this condition and the high 
uncertainties associated with these results, we had the sample analyzed for elemental Potassium. The 
radioactive Potassium contributions were then calculated and determined to be consistent with results 
from gamma spectroscopy and dissolved Gross Beta analyses. 

In conclusion, the sample appears to contain Beta activity from only Potassium-40 within the sample. 
Higher activity results are most likely artifacts from analyzing the sample as Total (TSS & IDS 
combined) causing significant corrections for self-absorption. This sample may be somewhat 
heterogeneous with respect to Potassium-40 activity in the suspended fraction, which may have caused 
some variability. This sample is definitely problematic to analyze as a result of the TDS and TSS content. 

ANAL YTE SPECIFIC OC SUMMARIES 

RADIUM-228 

Sample aliquots were evaporated and digested to dissolve the TSS fraction. Sample was then diluted and 
Radium was precipitated as Radium/Barium Sulfate. Radium/Barium Sulfates were then dissolved in 
alkaline EDTA. Radium was selectively precipitated and Radium Sulfate from the EDT A by pH 
reduction. Actinium-228 ingrowth was started at this time. Actinium-228 was allowed sufficient 
ingrowth time and was then selectively extracted, mounted on planchets and counted by GPC. An 
elemental Yttrium carrier was used for determination of chemical yield. 

Sample demonstrated acceptable results for all Radium-228 determinations. The Radium-228 method 
blank demonstrated an acceptable result. Results for the Radium-228 duplicate demonstrated a high 
relative percent difference; however, normalized difference is within acceptable limits for the analytical 
technique. Results for the Radium-228 laboratory control sample demonstrated an acceptable percent 
recovery. 

GROSS ALPHA & BET A (TOTAL) 

Sample was vigorously shaken to re-suspend the TSS fraction. Sample aliquots were taken and placed 
onto planchets. Sample was then flamed and sent to the count room for gas proportional counting (GPC) 
of Gross Alpha & Beta activity present. Sample results were corrected for inherent self-absorption by 
determinations of mass present on counting planchets. Due to the high TSS and TDS content, small 
aliquots and significant corrections were required. 

Sample demonstrated problematic results for Gross Alpha and Beta determinations. Due to the high TDS 
and TSS content, sample demonstrated a high relative percent difference (Gross Alpha and Beta) and 
normalized difference (Gross Beta only). The Gross Alpha and Beta method blank demonstrated 
acceptable results. Results for the Gross Alpha and Beta laboratory control sample demonstrated an 
acceptable percent recovery. 
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ANAL YTE SPECIFIC QC SUMMARIES 

GROSS ALPHA & BETA (DISSOLVED & SUSPENDED) 

Aliquots of the sample were filtered through 0.45 urn filter media with +0.4Sum being the suspended 
fraction and -0.4Sum being the dissolved fraction. Samples were then flamed and sent to the count room 
for gas proportional counting (GPC) of Gross Alpha & Beta activity present. Sample results were 
corrected for inherent self-absorption by determinations of mass present on counting planchets. Due to 
the high TSS and TDS content, small aliquots and significant corrections were required. 

Samples demonstrated somewhat acceptable results for all Gross Alpha and Beta determinations. The 
Gross Alpha and Beta method blank demonstrated acceptable results. Due to the high TDS content, 
results for the Gross Alpha and Beta duplicate demonstrated a high relative percent difference; however, 
normalized difference is within acceptable limits for the analytical technique. Results for the Gross Alpha 
and Beta laboratory control sample demonstrated a acceptable percent recovery 

· TOTAL ACTIVITY 

A direct aliquot of sample was placed into a scintillation vial, scintillation cocktail was added and sample 
was counted on a liquid scintillation counter. This was done not so much for actual quantification; 
however, qualification of the potential energy of the Beta emitting radionuclide present. 

Results for the sample are problematic. Due to the high TDS and TSS content, sample demonstrated 
significant quenching. This made it virtually impossible to identify energy of the Beta emitting 
radionuclide. The Total Activity method blank demonstrated an acceptable result. Results for the Total 
Activity laboratory control sample demonstrated an acceptable percent recovery. 

GAMMA SPECTROSCOPY 

Sample was analyzed using client provided sample volume in the container as received from the client. 
This was done to assure that the TSS fraction from the sample was in close proximity to the detector. 
Sample was then counted using anN-Type HPGe detector. 

Sample demonstrated acceptable results for all gamma emitting radionuclides as reported. The method 
blank demonstrated acceptable results for all gamma emitting radionuclides as reported. Results for the 
Actinium-228 and Bismuth-214 replicate demonstrated a high relative percent difference; however, 
normalized difference is within acceptable limits for the analytical technique. Results for the Cobalt-60 
replicate demonstrated an acceptable relative percent difference and normalized difference. Results for 
the Cobalt-60 and Cesium-1371aboratory control sample demonstrated an acceptable percent recovery. 

ELEMENTAL POTASSIUM- K-40 DETERMINATION 

An aliquot of the sample was sent to Galbraith Laboratories for detennination of elemental Potassium. 
From this result radioactive K-40 was calculated. Results for Elemental converted Potassium to 
radioactive K-40 demonstrated good correlations with K-40 results as derived by gamma spectroscopy 
and Gross Beta determinations from the dissolved fraction. 
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CERTIFICATION OF ACCURACY 

I certify that this data report is in compliance with the terms and conditions of the Purchase Order, both 
technically and for completeness, for other than the conditions detailed above. Release of the data 
contained in this hard copy data package has been authorized by the cognizant project manager or his/her 
designee to be accurate as verified by the following signature. 

M.R. Mcl9etil~ 
Laboratory Man~ger 

Date: 6/20/2013 

Eberline Analytical wants an courages your feedback regarding our performance providing radioanalytical services. Please 
visit http://www.eberlineservices.com/clienthtm to provide us with feedback on our sen•ices. 

Page 4 of4 

6·819 

I 
i. 

I. 

I· 
I 

1-. 



SECTION IV 

ANALYTICAL RESULTS SUMMARY 



Printed: 6/2012013 3:52 PM Page 1 of3 

RfiiJOrl To: • Worlc Onler Dfltllk 

Eberline Analytical Ed Galbraith SDG: 13-06015 
Barr Engineering Project: Bridgeton Landfill 

Final Report of Analysis 1001 Diamond Ridge, Suite 1100 
-

Analysis Category: ENVIRONMENTAL 
Jefferson City, MO 65109 Sample Matrix: WA 

Lab ! Sample Client Sample Receipt Analysis Batch 
Anlllyte Result l Report 

Method cu csu MD" ID Type 10 Date Date Dale 10 i Untta 

13-06015-01 LCS KNOWN 06105113 00:00 8151201S 81812013 13-06015 Cobalt-eo EPA 901.1 Modified 1.94E+OS 7.76E+03 pCIII 

13-08015-01 LCS KNOWN OIIJD5ol13 00:00 &'512013 818r.!013 13-06015 CIISium-137 EPA 901.1 Modllled 1.18E+05 4.72E+03 I pCIII 

13-06015-01 LCS SPIKE 01l/05113 00:00 61512013 6/612013 13-06015 Cobalt-80 EPA 901.1 Modified 1.97E+OS 1.~E-t04 1.76E-t04 ~.OIIE-+02 pCIII 

13-06015-01 LCS SPIKE 08105113 00:00 616/2013 8/812013 13-06015 Cetlum-137 EPA 901.1 Modified 1.21E<()5 1.21E-t04 1.36E-t04 8.15E-+02 pCIII 

1~15-02 MBL BLANK 06/05113 00:00 61512013 818/2013 13-06015 Al::tlnlum-228 EPA 901.1 Modified 4.60E+01 3.03E+01 3.04E+01 7.00E+01 "pCi/1 

13-08015-02 MBL BLANK 08106113 00:00 61512013 6/612013 13-06015 Blsmuth-214 EPA901.1 Modlllecl -7.7eE+OO 1.72E+01 1.72E+01 3.23E+01 pCIIl 

13-06015-02 MBL BLANK 1l810!5113 00:00 81612013 M/2013 13-06015 Cobalt-60 EPA901.1 Modlllecl 3.12E+OO 9.51E+DO 9.51E+OO 2.04E+01 pCII1 

13-06015-02 MBL BLANK 08/06113 00:00 111512013 6/612013 13-06015 Cllllum-137 EPA 5101.1 Modlllecl 3.94E+OO 7.61E+DO 7.81E'+OO 1.57E+01 pCi/1 

13-06015-02 MBL BLANK 08/06113 00:00 8/612013 8/8/2013 13-06015 L.aad-210 EPA 901.1 Modifted -2.90E+01 1.95E-+02 1.95E+02 3.45E-+02 pCIII 

13-06015-0.2 MBL BLANK 08/06113 00:00 81612013 8/612013 13-06016 Laad-214 EPA901.1 Modified -7.01E+OO 1.68E+01 1.88E+01 3.05E+01 . pCIII 

13-06015-02 MBL BLANK 06105113 00:00 &'512013 61812013 13-06015 Thorlum-234 EPA 901.1 Modified ~.94E+01 1.81E+02 1.81E+02 3.17E+02 pCIIJ 

13-06015-02 MSL BLANK· 06105113 00:00 8/612013 6612013 13-06015 Thalllum-208 EPA 901.1 Modified -4.85E+OO 2.27E+01 2.27E+01 4.27E-f{)1 pCII1 

13-08015-03 DUP TreBIIJd CoiTITIIngled MSD 04/05/13 13:30 61612013 818/2013 13-06016 Actlnlum-228 EPA 901.1 Modlllad -2.93E+01 3.53E+01 3.53E+01 5.97E+01 pCl/1 

13-08015-03 DUP Treated Commingled MSD 0410511313:30 615/2013 61612013 13-06015 SlsmU1h-214 EPA 901.1 Modified 3.119E+01 2.87E+01 2.88E+01 4.80E+01 pCII1 

13-08015-03 DUP Trealad Commingled MSD 04105/13 13:30 61512013 818/2013 13-08016 Coball-80 EPA901.1 Modified ~.80E+OO 8.52E+OO 8.53E+OO 1.30E+01 pCIIl 

13-08015-03 DUP Trealad Commingled MSO 04105113 13:30 81512013 61812013 13-08015 Caslum-137 EPA901.1 Modified 4.51E+OO 6.S9E+DO 6.40E+OO 1.46E-f{)1 pCi/1 

13-08015-03 DUP Treated Commingled MSD G4106/1313:30 8/512013 818/2013 13-06015 Potaasklrn--40 EPA 901.1 Modlliad 2.78E-+02 1.88E+02 1.67E-+02 2.14E-+02 pCIII 

13-08015-03 DUP Treated Commingled MSD 04105113 13:30 61512013 8/612013 13-06015 Lead-210 EPA 901.1 Modlliad 3.45E+01 1.97E+02 1.91E+02 3.54E+02 pCIII 

13-08015-03 DUP Traalad Commingled MSD 0410511313:30 81512013 6/812013 13-08015 Laad-214 EPA 901.1 Modlllad -2.57E+OO 1.78E+01 1.78E+01 3.31E+01 pCill 

13-08015-03 DUP Trealad Commingled MSD 04105113 13:30 81512013 818/2013 13-08015 Thorlum-234 EPA 901.1 Modified 2.98E+01 1.87E+02 1.87E-+02 3.36E+02 pCII1 

13-06015-03 DUP Treated Commingled MSD 04105113 13:30 8/512013 81812013 13-06015 lhalllum-208 EPA 901.1 ModHlad 2.28E+01 2.51E+01 2.51E+01 5.38E+01 pCIII 

13-08015-04 DO Treated Convnlngled MSD 04/05113 13:30 8/612013 818/2013 13-06015 Adlnlum-228 EPA 901.1 Modified 5.18E+OO 2.53E+01 2.53E+01 s.nE+01 pCIII 

13-06015-04 DO Treated ConYnlngled MSD 0410511313:30 8/512013 818/2013 13-08015 Blanurl~214 EPA 901.1 Modified 5.78E+OO 1.93E+01 1.93E-f{)1 3.92E-f{)1 pCill 

13-06015-04 DO Treated Commingled MSD 04/05113 13:30 8/512013 818/2013 13-06015 Coblll1-80 EPA 901.1 Modified ·5.34E+OO 7.14E+OO 7.14E+OO 1.09E+01 pCill 

13-08016-04 DO Tret~llld Convnlngled MSD 04.'05/13 13:30 61512013 6/612013 13-08015 Cllllum-137 EPA 901.1 Modified U2E+OO 8.35E+OO 8.38E+OO 1.771:+01 pCill 

13-06015-04 DO Tnlatecl Commingled MSD 04106113 13:30 8/512013 818/2013 13-06016 PotaasiiJrn-.40 EPA 901.1 Modlllad 2.05E-+02 1.48E+02 1.48E-+02 1.29E-+02 pCill 

13-06015-04 DO Trea1ad Commingled MSD OW5/13 13:30 8/512013 8/812013 13-08015 Laad·210 EPA 901.1 Modlfted -1.11E+02 1.90E+02 1.90E+02 3.30E+02 pCl/1 

13-08016-04 DO Trutlld Commingled MSD 04/05/13 13:30 8/512013 8/612013 13-06015 Laad-214 EPA 5101.1 Modlllad -5.80Ef()() 1.65E+01 1.65E+01 3.02E+01 pCin 

13-06015-04 l DO Treated Commingled MSD 04105113 13:30 61612013 8/612013 13-06015 Thor1um-234 EPA 901.1 Mod1118d -2.03E+02 1.8eE+02 1.87E+02 3.13E+02 pCi/1 

13-08015-04 DO Treated Commingled MSD 04/0511313:30 8/!112013 e/e/2013 13-06016 Tllalllum-208 EPA 901.1 Modified 3.011E+01 3.02E+01 3.02E+01 5.15E+01 pCI/I 

CU=Countlng Uncflttlllnty;CBU=Comblnad Sllndlld UncerUinly (24Jgma);MDA=Minlntal De!vcl8d Actlvtt)I;LCSalaborBtory Control Sample; MBL=Blank; DUP.DupiiCite; TRG•Normal Sample; DO-Duplicate Original 
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601 SCARBORO ROAD OAK RIDGE, TN 37830 865/481-0683 FAX 865/483-4621 
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Report To: Worlc OrderDe/Bh: 

Eberline Analytical Matt Stewart SDG:, 13-06059-Revised 
-

Herst & Associates, Inc. Project: Bridgeton 2013 Leachate 
Final Report of Analysis 4631 N St Peters Pkwy Analysis Category: ENVIRONMENTAL 

St Charles, MO 63304 Sampfe Matrix: WA 
Lab Sample Client Sample Receipt I Analysis Batch 

Ana lyle Matllod Result cu csu MDA 
Report 

ID Type ID Data Date , Data ID Units 

13-0605&-0 1 LCS KNOWN 06/19113 00:00 611912013 6120/2013 13-06059 Gross Alpha EPA 900.0 Modified 3.11E+02 1,34E+01 pCil1 
13-0e0S9-0 1 LCS SPIKE 06/19/13 00:00 611912013 6120/2013 13-06059 GrosaAipha EPA 900.0 Modlftad 2.56E+02 3.B2E+OO 2.81E+01 3.03E~1 pCIII 
13-08059..()2 MBL BLANK 06/19113 00:00 811912013 612012013 13-06059 Gross Alpha EPA 900.0 Modified 3.97E·02 1.01E..Q1 1.01E..01 2.2SE-01 pCIII 
13-08059.()3 DUP OUTFALL 009 06/1811312:36 8119/2013 ! 612012013 13-06059 Gross Alpha EPA 900.0 Modlfiad 2.76E+01 4.72E+01 4.73E+01 1.00E+02 pCUI 
13-0605&-04 DO OUTFALL008 06118113 12:36 6/19/2013 612012013 13-08059 Gros&AJpha EPA 900.0 Modified 4.66E+01 5.BliE+01 5.71E+01 1.13!:+02 pCUI 

13-08059-01 LCS KNOWN 06/19/13 00:00 811912013 612012013 13-06059 Groaa Beta EPA 900.0 Modlllad 2.19E+02 B.!IBE+OO pCi/1 
13-0605&-01 LCS SPIKE 06/19113 00:00 6/1912013 612012013 13-06059 Gross Beta EPA 900.0 Modllled 2.49E+02 2.9SE+OO 3.-46E+01 5.62E..01 pCill 
13-0605&-02 MBL BLANK 06/19113 00:00 8119/2013 612012013 13-06059 Gr06S Billa EPA 900.0 Modllled 8.42E..02 2.61E-01 2.81E~1 5.50E..01 pCII1 
13-0605&-03 DUP OUTFALLOOB 06/18113 12:36 811912013 6/2012013 13-06059 Gross Beta EPA 900.0 Modified 4.52E+02 6.3DE+01 1.04E+02 1.30E+D2 pCII1 
13-06059..()4 DO OUTFALLOOB 08/18113 12:36 8/1912013 812012013 13-06059 Gross Beta EPA 900.0 Modifl!KI -4.29E+02 8.32E+01 1.02E+02 1.35E+02 pCUI 

13-06059-01 LCS KNOWN 06119113 00:00 6/1912013 6127/2013 13-08059 Radium-226 EPA 903.0 Modified 1.03E+01 4.74E-01 pCi/1 
13-06059-01 LCS SPIKE 06119/13 00:00 8/19/2013 8/27/2013 13-06059 Radium·226 EPA 903.0 Modified 1.06E+01 1.17E+OO 2.53E+OO 2.30E..o1 pCI/1 

13-06059-02 MBL BLANK 06/19/13 00:00 8119/2013 6/27/2013 13-06059 Radium-226 EPA 903.0 Modl'iad 3.86E..Q2 9.64E..02 9.68E-02 2.01E-01 pCI/1 

13-06059-03 OUP OUTFAUOOB 06118113 12:36 611912013 8127./2013 13-06059 Radium-226 EPA 903.0 Modified 8.67E-02 1.65E-01 1.66E-01 3.05E-01 pCt'l 

13-0605&-04 DO OUTFALLOOB 06118113 12:36 6119/2013 6/27/2013 13-06059 Radium-226 EPA 903.0 Modified 7.52E-02 1.82E-01 1.83E..01 3.21E..01 pCII1 

13-08059-01 LCS KNOWN 08/19/13 00:00 8/1912013 711/2013 13-06059 Radlum-228 EPA 904.0 Modlflad 8.92E+OD 4.55E·01 pCIII 

13-080511..01 LCS SPIKE 06/19/13 00:00 6/1912013 711/2013 13-08059 Radium-228 EPA 904.0 Modified 9.89E+OO 9.67E..01 2.4-4E+OO 1.19E+OO pCI11 

13-06059-02 MBL BLANK 06/19/13 00:00 6/1912013 7/1/2013 13-06059 Radium-228 EPA 904.0 Modified 2.06E+OO 7.46E..01 8.82E~1 1.39E+OO pCI/1 

13-06059-03 DUP OUTFALL008 06/1811312:38 6/1912013 7/112013 13-06059 Radium-228 EPA 904.0 Modified 2.89E-01 5.92E-01 5.98E..01 1.23E+OO pCin 

13-0805&-04 DO OUTFALL008 06118113 12:31! 6/19/2013 71112013 13-06059 Radium-228 EPA 904.0 Modlfted 2.64E+OO 6.78E-01 9.04E..01 1.19E+OO pCi/1 

13-()6059-01 LCS KNOWN 06/19/13 00:00 6/1912013 6127/2013 13-08059 Uranium-234 EML U..o2 Modified 8.14E+OO 2.93E-01 pCI/1 

13-0805&-01 LCS SPIKE 08119/13 00:00 6/1912013 6127/2013 13-08059 Uranlum·234 EML U..02 MO<ified 6.40E+DO 1.15E+OD 1.2-4E+OO 1.18E-01 pCI11 

13-06059-02 MBL BLANK 08119/13 00:00 8119/2013 612712013 13-06059 Ulllnium-234 EML U..Q2 Mocfdiad 1.26E..02 3.71E..Q2 3.71E-02 B.OBE-02 pCt'l 

13-06059-03 DUP OUTFALL008 06118/13 12:36 611912013 612712013 13-06059 Uranlum-234 EML U-02 Modlllad 1.09E+OO 5.41E..01 5.47E.ot -4.03E..01 pCin 

13-06059..()4 DO OUTFALL 008 06/18/13 12:36 6/1912013 612712013 13-06059 Uranlum-234 EML U-02 Modlflad 9.55E..01 5.27E..01 6.32E..01 4.04E-01 pCin 

13-06059-01 LCS SPIKE 06/19113 00:00 8119/2013 6127/2013 13-06059 Uranlum-235 EMLU-02Modllled 3.85E·01 2.11E..01 2.13E-01 1.18E-01 pCIIl 
13-06059-02 MBL BLANK 06/19/13 00:00 6/19/2013 6127/2013 13-06059 Uranlum-235 EML U-02 Modified 3.13E-02 5.53E~2 5.54E-02 II.IISE-02 pCIIl 

13-06059-03 CUP OUTFAU008 06/1811312:36 811912013 8127/2013 13-08059 Uranlum-235 EML U-02 Modllled 1.13E-02 1.58E-01 1.58E-01 4.52E-01 pCI11 

13-080511-04 DO OUTFAI..l.OOB 06/1811312:36 6/1912013 8127/2013 13-08059 Uranium-235 EML U..Q2 Modified 5.49E-02 1.88E-01 1.88E-01 3.98E-01 pCI11 

CU.Countlng Uncerllllnty;CSU.Comblnad Standard Uncertainty (24lgma);MOA=Minimal DetK1IId Actlvity;LCS=laboratDI)' Control Sample; MBL•Biank; DUP=Dupllcata; TRGaNonnal Sample; DO.Dupliclltlt Original 
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Reporl TO: Wor1c Older Delllls: 

Eberline Analytical Matt Stewart SDG: 13-06059-Revised 
Herst & Associates, Inc. Project: Bridgeton 2013 Leachate 

Final Report of Analysis 4631 N St Peters Pkwy Analysis Category: ENVIRONMENTAL 
~ 

St Charles, MO 63304 Sample Matrix: WA 
Lab Sample Client Sample Receipt A11o11lysls Batl::h Report 
10 Type 10 Data Date Data ID 

Analyle Method Rnult cu csu MDA 
Units 

13-06059-01 LCS KNOWN 06119113 00:00 811912013 612712013 13-011059 Uranium-238 EML u.o2 Modified 7.94E..OO 2.88E-{)1 pCill 

13-08058-01 LCS SPIKE 06119113 00:00 8119/2013 6127/2013 13-08059 Uranlum-238 EML u-o2 Modllilld 6.88E-t00 1.23E+OO 1.33E+OO 1.18E-01 pCill 

13.{)8059-02 MBL BLANK 08119/13 00:00 811912013 612712013 13-08059 Untnium-238 EML u.o2 Modified 2.96E-02 4.43E-{)2 4..43E·02 7.20E-02 pCill 

13-06059.{13 DUP OUTFALLOOB 06118113 12:36 611912013 612712013 13-06059 Uranium-238 EML U-<12 Modified 9.43E-{)1 5.08E-{)1 5.13E-01 4.33E-{)1 pCI/I 

13-08059.{14 DO I OUTFALLOOB 08118/13 12:36 811912013 I 612712013 13-08059 Uranlurn-238 EML U-<12 Modified 3.BOE-{)1 3.27E-{)1 3.28E-{)1 3.21E-{)1 pCi/1 

I 
13-06059-01 LCS KNOWN 06/19113 00:00 811912013 6/2112013 13-06059 CobaH-80 EPA 901.1 Modified 1.94E+05 7.76E+03 pCUI 

13-06059.{11 LCS KNOWN 06/19113 00:00 6/19/2013 612112013 13-06059 Ceaium-137 EPA 901.1 Modified 1.1BE-t05 4.72E-t03 pCi/1 

13-06059-01 LCS SPIKE 08119113 00:00 8119/2013 612112013 13-06059 Cobalt-SO EPA 901.1 Modified 2.07E-t05 1.51E+04 1.84E+04 8.73E+02 pCi/1 

13-06059-01 LCS SPIKE 06/19/13 00:00 811912013 6/2112013 13-06059 Ceslurn-137 EPA 901.1 Modllled 1.28E+05 1.29E+04 1.44E+04 5.9DE+D2 pCW'I 

13-08059-02 MBL BLANK 06/19113 00:00 811!112013 6121/2013 13-0805i Actiniurn-228 EPA 901.1 Uodlfied -3.54E..OO S.07E..OO 5.08E+OO 7.93E..OO pCill 

13-08059-02 MBL BLANK 06/19113 00:00 6/1912013 612112013 13-06059 Bilmuth-214 EPA 901.1 Modified -2.3BE+DO 2.81E+OO 2.81E+OO 4.57E-t00 pCill 

13-08068-02 MBL BLANK 06/19113 00:00 611912013 612112013 13.{)8059 Ceaiurn-137 EPA 901.1 Modified -7.58E-{)1 1.57E+OO 1.57E+OO 2.32E+OO pCi/1 

13-08059.{12 MBL BLANK 06119/13 00:00 811912013 I 612112013 13-06059 l.ead-212 EPA 901 .1 Modified -6.41E-{)1 2.21E+OO 2.21E+OO 3.31E+OO pCi/1 

13-06059.{12 MBL BLANK 08119113 00:00 811912013 6121/2013 13-06059 L..cl-214 EPA 901.1 Modified ·1.19E+OO 2.55E+OO 2.55Et<l0 4.06E+OO pCl/1 

13-06059.{)2 MBL BLANK 06119113 00:00 8111112013 6/2112013 13-06059 Radium-226 EPA 901.1 Modllled -2.38E+OO 2.81E..OO 2.81E..OO 4.57E+OO pCin 

13-06059-02 MBL BLANK 06/19113 00:00 6/11112013 612112013 13-06059 Radium-228 EPA 901.1 Modlllld -3.54E+OO 5.07E..OO 5.08E+OO 7.93E+OO pCiA 

13-06059-02 MBL BLANK 06/19/13 00:00 811912013 612112013 13-06059 Thorium-234 EPA 901.1 Modified -2.23E+01 2.78E+01 2.78E-t01 4.86E-t01 pCi/1 

13-06059-02 MBL BLANK 06119/13 00:00 6119/2013 6121/2013 13-06059 Thallurn-208 EPA 901.1 Modified -2.78E..OO 3.95E+OO 3.95E+OO B..28E+OO pCIII 

13-08059-03 DUP OUTFALL008 0611811312:38 8/19/2013 612112013 13-08059 Aclinium-228 EPA 901.1 Modified 3.18E+OO 7.7BE+OO 7.78E..OO 1.37E+01 pClJI 

13-08059-03 DUP OUTFALLOOB 06118/13 12:36 6/1912013 612112013 13-06059 Bismuth-214 EPA 901.1 Modllled 8.40E-{)1 4.12E+OO 4.12Et<l0 7.08E+OO pC"III 

13-06059.{13 DUP OUTFALLOOB 08118113 12:36 811912013 6/2112013 13-06059 Ceslurn-137 EPA 901.1 Modified 2.07E-{)3 1.83E+OO 1.83E+OO 2.95E+OO pCUI 

13-06059.{13 DUP OUTFALLOOB 011116113 12:36 6/1912013 612112013 13-011059 Potasium~O EPA 901.1 Modllled 3.93E-t02 8.54E+01 8.84E-t01 3.07E-t01 pCill 

13-06059.{)3 DUP OUTFAU.OOB 06116113 12:36 811912013 612112013 13-06059 L.ead-212 EPA901.1 Modified 3.80E+OO 3.64E+OO 3.85E+OO 3.50E-t00 pCi/1 

13-06059-03 DUP OUTFALLOOB 06116113 12:36 611912013 612112013 13-06059 Lead-214 EPA 901.1 Modified 1.61E+OO 3.58E+OO 3.58E+OO 6.12E+OO pCill 

13-06059.{)3 DUP OUTFALLOOB 08/1611312:38 8/1912013 6121/2013 13-06058 Radlum-226 EPA 901.1 Modifllld 8.40E-01 4.12E+DO 4.12E+OO 7.08E-t00 pCill 

13-06068-03 DUP OUTFALL008 06/16113 12:36 611912013 612112013 13-08059 Radiurn-226 EPA 901.1 Modified 3.18E+OO 7.78E+OO 7.78E+OO 1.37E+01 pCi/1 

13-06059-03 DUP OUTFALL 008 06116/13 12:36 811912013 612112013 13-08051il lhOfium-234 EPA 901.1 Modified -3.31E+01 3.30E+01 3.31E-t01 4.76E+01 pCill 

13-06069.{)3 DUP OUTFALL008 06116113 12:36 611912013 612112013 13.{)8059 Thallium-208 EPA 901.1 Modified 2.05E-{)1 5.57E+OO 5.57E..OO 9.32E+DO pCill 

CU-<:ountlng Uncerlllln\';CSU.COmblned Standard Uncerllllfl1¥ (241gma);MDA=Minlmal Detactad Al:tiYity;L.Cs-Laboratoty Control Sample; MBLaBiank; OUP=Dupl~; TRO=Nonnal Sample; DO=Duplk:allt Origln11l 

m 
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N ... 
. · · .. 

EBERLINE ANALYTICAL CORPORATION 
601 SCARBORO ROAD OAK RIDGE, TN 378~0 865/481-068~ FAX 865/48~-4621 



Printed: 7/1712013 2:43PM Page3 of3 

Repon To: Worlc Order Details: 
I 

13-06059-Revised Eberline Analytical Matt Stewart SDG: 

Herst & Associates, Inc. Project: Bridgeton 2013 Leachate 
Final Report of Analysis 4631 N St Peters Pkwv Analysis Category: ENVIRONMENTAL 

--
St Charles, MO 63304 Sample Matrix: WA 

ub Sample Client Sample Receipt Analysis Batch 
Analyta I Report 

ID Type ID Date Data Date ID 
Method Result cu csu MDA 

Units I 

13-08059-04 DO OUTFALLOOB 06/18113 12:36 611912013 612112013 13-06059 Acllntum-228 EPA 901.1 Modified 2.99E+OO 7.92E+OO 7.92E+OO 1.42E+01 I pCU1 

13-06059-04 DO OUTFALLOOB OB/18/13 12:36 6119/2013 6121/2013 13-06059 Bismuth-214 EPA 901.1 Modified -4.18E+OO 3.90E+OO 3.91E+OO 6.09E+OO pCill 
-

13-C6059-04 DO OUTFAU..008 06/18/13 12:36 611912013 6/2112013 13-08059 Cesium-137 EPA 901.1 Modified 1.54E+OO 1.67E+OO 1.67E+OO 3.21E+OO pCIII 

13-06059-04 DO OUTFAU..008 06116113 12:36 611912013 6121/2013 13-06059 Potassium-40 EPA 901.1 Modlled 3.76E+02 6.73E+01 7.00E+01 2.92E-+01 pCiA 

13-06059-04 DO OUTFALL 008 06116113 12:36 6119/2013 612112013 13--06059 Lead-212 EPA 901.1 Modified 1.81E+OO 2.72E+OO 2.72E+OO 4.72E+OO pCUJ 

13-06059-04 DO OUTFALLOOB 06116/13 12:36 6/19/2013 6121/2013 13-06059 L.eed-214 EPA 901.1 Modified -1.24E+OO 3.S8E+OO 3.S8E+OO 5.93E+OO pCU1 

, 3-06069-04 DO OUTFALL008 06118113 12:36 6119/2013 612112013 13-06059 Radium-226 EPA 901.1 Modified -4.18E+OO 3.90E+OO 3.91E+OO 6.09E+OO pCW'I 

13-08059-04 DO OUTFAU..OOB 06/16/13 12:36 6111l/20 13 6121/2013 13-06059 RBIIIum-228 EPA 901.1 Modified 2.99E+OO 7.92E+OO 7.92E+OO 1.42E+01 p(h'l 

13-08059-04 DO OUTFALL008 06/18/13 12:36 6/1912013 612112013 13-06059 Thorium-234 EPA 901.1 Modlled -9.61E+OO 3.37£+01 3.37E-+01 5.02E-+01 pCill 

13-08058-04 DO OUTFALL008 08118/13 12:36 8/1912013 612112013 13-060511 Thalfium-206 EPA 901.1 Modllied 4.31E+OO 5.57E+OO 5.57E+OO 9.74E+OO pCi/1 

CU=Countlng Uncertalntv;CSU=Comblned Standard Uncertainty (24igma);MDA-M"mlmal Delllctlld Al:tlvity;LCS.Laboratory Control Sample; MBL=Biank; DUP=Dupllcat.; TRG-Normal Sample; l)()o0upllcate Ollglnal 

EBERLINE ANALYTICAL CORPORATION 
601 SCARBORO ROAD OAK RIDGE, TN :578:50 865/481-068:5 FAX 865/48:5-4621 

-··--~~--- -· ... ---. ~--. -----:------ - ~ ---------------.---------. -



EBERLINE 
SERVICES 

EBERLINE ANALYTICAL CORPORATION 

601 SCARBORO ROAD 

OAK RIDGE, TENNESSEE 37830 

PHONE (865) 481-0683 

FAX (865) 483-4621 

EBS-OR-36238 

October 16, 20 13 

Matt Stewart 
Herst & Associates, Inc. 
4631 N St. Peters Parkway 
St. Charles, MO 63304 

SAMPLE RECEIPT 

CASE NARRATIVE 
Work Order# 13-09091-0R 

This work order contains one water sample received 09/1712013. This sample was analyzed for Isotopic 
Uranium, Radium-226/228, Gross Alpha/Beta and by Gamma Spectroscopy. 

CLIENTID LABID 

OUTFALL008 13-09091-04 

ANALYTICAL METHODS 

Isotopic Uranium was analyzed using Method EML U-02 Modified. Radium-226 was analyzed using 
EPA Method 903.0 Modified. Radium-228 was analyzed using EPA Method 904.0 Modified. Gross 
Alpha/Beta was performed using EPA Method 900.0 Modified. Gamma Spectroscopy was performed 
using EPA Method 901.1 Modified. 

ANAL YTJCAL RESULTS 

Combined Standard Uncertainty is reported at 2-sigma value. 

ISOTOPIC URANIUM 

Sample was prepared by removing a representative aliquot followed by mixed acid digestions as 
appropriate. Uranium was selectively extracted by ion exchange. Uranium was eluted, micro­
precipitated and mounted on micro-porous filter media. Sample activities were then determined by alpha 
spectroscopy using energy specific regions of interest for Uranium-234, Uranium-235 and Uranium-238. 
Chemical recovery was determined by the tise of a Uranium-232 tracer. Activity of the Uranium-232 
tracer was determined by alpha spectroscopy using an energy specific region of interest. 

r Analytical Attempt 

Due to low chemical recoveries, sample was reanalyzed. Sample demonstrated acceptable results for all 
Uranium analyses. Chemical recovery was acceptable for all samples. The Uranium-234, Uranium-235 
and Uranium-238 method blank demonstrated acceptable results. Results for the Uranium-234 duplicate 
demonstrated a high relative percent difference; however, normalized difference is within acceptable 
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ANALYTICAL RESULTS CONTINUED 

ISOTOPIC URANIUM CONTINUED 

limits for the analytical technique. Results for the Uranium-235 and Uranium-238 duplicate demonstrated 
an acceptable relative percent difference and normalized difference. Results for the Uranium-234 and 
Uranium-238 laboratory control sample demonstrated an acceptable percent recovery. 

RADIUM-226 

Sample was prepared by removing a representative aliquot followed by mixed acid digestions as 
appropriate. This was followed by precipitations of Radium/Barium Sulfate. Precipitates were dissolved 
in alkaline EDT A. Radium was selectively precipitated and then mounted on micro-porous filter media. 
Sample was counted by alpha spectroscopy using an energy specific region of interest for Radium-226. 
Inherent self-absorption from elemental Barium was corrected for in the final result. Chemical recovery 
was calculated by the use of a Barium-I33 tracer, which was determined by HPGe gamma spectroscopy. 

Sample demonstrated acceptable results for all Radium-226 analyses. Chemical recovery was acceptable 
for all samples. The Radium-226 method blank demonstrated acceptable results. Results for the Radium-
226 duplicate demonstrated a high relative percent difference; however, normalized difference is within 
acceptable limits for the analytical technique. Results for the Radium-226 laboratory control sample 
demonstrated an acceptable percent recovery. 

RADfUM-228 

Following alpha spectroscopy analysis of Radium-226, Barium/Radium Sulfate prectpttates were 
redissolved and allowed for sufficient ingrowth ofthe Actinium-228 daughter. After ingrowth, Actinium-
228 was selectively precipitated. Precipitates were filtered and beta emissions for Actinium-228 were 
then counted on a gas proportional counter. Chemical recovery was determined by the use of a Barium-
133 tracer, the activity of which was determined by HPGe gamma spectroscopy and an elemental Yttrium 
carrier by gravimetric measurements. The product of these two recoveries was used to calculate chemical 
yield. ' 

Sample demonstrated acceptable results for all Radium-228 analyses. Sample results demonstrated 
slightly high detection limits. Chemical recovery was acceptable for all samples. The Radium-228 
method blank demonstrated acceptable results. Results for the Radium-228 duplicate demonstrated a high 
relative percent difference; however, normalized difference is within acceptable limits for the analytical 
technique. Results for the Radium-228 laboratory control sample demonstrated an acceptable percent 
recovery. 

GROSS ALPHA & BETA 

Sample was prepared by evaporation of a representative volumetric aliquot acidified with HN03• 

Reduced sample was then transferred to a steel planchet for final evaporation to dryness and flaming. 
Sample was then counted on a gas proportional counter. Results were corrected as required for inherent 
self-absorption based on residual mass present 

Sample demonstrated acceptable results for all Gross Alpha and Beta analyses. Due to high total solids, 
sample results demonstrated slightly high detection limits. The Gross Alpha and Beta method blank 
demonstrated acceptable results. Results for the Gross Alpha duplicate demonstrated a high relative 
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ANALYTICAL RESULTS CONTINUED 

GROSS ALPHA & BET A CONTINUED 

percent difference; however, normalized difference is within acceptable limits for the analytical 
technique. Results for the Gross Beta duplicate demonstrated an acceptable relative percent difference 
and normalized difference. Results for the Gross Alpha and Beta laboratory control sample demonstrated 
an acceptable percent recovery. 

GAMMA SPECTROSCOPY 

Sample for Gamma Spectroscopy analysis was prepared by transferring a known aliquot of sample to a 
standard geometry container. Sample was counted on a High Purity Germanium (HPGe) gamma ray 
detector. 

Sample demonstrated acceptable results for all gamma-emitting radionuclides as reported. Gross Gamma 
results were calculated based on Potassium-40 which was the only positive gamma emitting radionuclide 
in this sample. The method blank demonstrated acceptable results for all radionuclides as reported. 
Results for the Actinium-228 and Bismuth-214 replicate demonstrated a high relative percent difference; 
however, normalized difference is within acceptable limits for the analytical technique. Resuhs for the 
Potassium-40 replicate demonstrated an acceptable relative percent difference and normalized difference. 
Results for the Cobalt-60 and Cesium-137 laboratory control sample demonstrated an acceptable percent 
recovery. 

CERTIFICATION OF ACCURACY 

I certify that this data report is in compliance with the terms and conditions of the Purchase Order, both 
technically and for completeness, for other than the conditions detailed above. Release of the data 
contained in this hard copy data package has been authorized by the cognizant project manager or his/her 
designee to be accurate as verified by the following signature. 

M.R. McDougall 
Laboratory Manager 

Date: 10/16/2013 

Eberline Analytical wants and encourages your feedback regarding our performance providing radioanalytical services. Please 
visit http://www.eberlineservices comlclient.htm to provide us with feedback on our services. 

Page 3 of3 

8118 



SECTION IV 

ANALYTICAL RESULTS SUMMARY 
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Prtnted: 10116/2013 2:46PM Page 1 of 3 

Re,;or1To: l.'lol1l Otdit bir,.,.: 

Eberline Analytical Matt Stewart SDG: 13-09091 
Herst & Associates, Inc. Project: Brie!geton 3013 Leachate 

Final Report of Analysis 4631 N St Peters Pkwy Analysis Category: ENVIRONMENTAL 
St Charles, MO 63304 Sample Matrix: WA 

Lab Sample Client Sample Receipt Analysis B8leh 
Analyte Method Result cu csu MDA 

Report 
ID Type 10 o.m Data Dale 10 Unl15 

13-09091.{)1 LCS KNOWN 09117/13 00:00 911712013 1017/2013 13-09091 Cobalt-60 EPA 901.1 Modiflad 1.95E+05 7.82E+03 pCin 

13-09091-01 LCS KNOWN 011117/13 00:00 9117n013 1017/2013 13-011091 Cesium-137 EPA 901.1 Modlfted 1.24EotOS 4.97E+03 pe1n 

13-0I!Cli1-01 LCS SPIKE OW17l13 00:00 9/17/2013 1017/2013 13-09091 Cobaft-«1 EPA 901.1 Modllled 2.05E+05 1.34E+04 1.70E+04 8.44E-t02 pCUl 

13.{)9091-01 LCS SPIKE 09117/13 00:00 9/1712013 101712013 13-09091 Ceslum-137 EPA 901.1 Modified 1.30E+05 1.34E+04 1.50E+04 4.nE+02 pCI/I 

13-09091.{)2 MBL BLANK 09117/13 00:00 9117/2013 1IV7/2013 13-090111 Aellnium-228 EPA 901.1 Modllied 7.28E+OO 8.40E+OO 8.41E+OO 1.1SE+01 pCUI 

13-09091-02 MBL BLANK OW17/13 00:00 911712013 1017/2013 1~1 Bi&mulh-214 EPA 901.1 Modified -3.89E+OO 3.58E+OO 3.59E+OO 5.55E+OO pCI/1 

13-0iltl81-02 MBL I BLANK 09117/13 00:00 911712013 1017/2013 13-09081 Grot~ Gamma EPA 901.1 Uodlfted -8.70E+OO 1.93E+01 1.93E+01 3.41E+01 pCill 

13-09091.{)2 MBL BLANK 09117113 00:00 9117/2013 11Y7/2013 13-090!11 Leact-212 EPA901.1 Modified -3,20E+OO 2.38E+00 2.38E+OO 3.B7E+OO pCIII 

13.{)9091..02 MBL BLANK 08117n3 00:00 911712013 10(7/2013 13-09091 Lead-214 EPA 901.1 Modified -4.55E+OO 3.3BE+OO 3.39E+OO 5.00E+OO pCIII 

13-08091.{)2 MBL BLANK 09117/13 00:00 9/17/2013 1017/2013 13.{)9091 Radlwn-228 EPA 901.1 Uodllled -3.89E+OO 3.59E+OO 3.59E+OO 5.55E+OO pCI/I 

13-09091-02 UBL BLANK 09117/13 00:00 911712013 11Y7/2013 13-090111 Racllum-228 EPA 901.1 Modiftad 7.28E+OO 8.4DE+OO 8.41E+OO 1.15E+01 pCI/I 

13-08091.{)2 MBL BLANK 09117113 00:00 9117/2013 101712013 13-09091 Thorlum-234 EPA 901.1 Modified 9.27E+OO 2.55E+01 2.55E+01 4.48E+01 pCUI 

13-09091.{)2 MBL BLANK 09/17/13 00:00 9/1712013 1017/2013 13-09091 Thlllllurn-208 EPA 901.1 Modlllad -2.25E-01 4.78E+OO 4.7BE+OO 8.73E+OO pCI/1 

13-09091.{)3 DUP OUTFALLOOB 09113113 12:57 9/17/2013 10/7/2013 13-090111 Actiniwn-228 EPA 901.1 Modl!ild 9.44E+OO 9.15E+OO 9.18E+OO 1.31E+01 pCUl 

13-09091.{)3 OUP OUTFALLOOB 09113113 12:57 9/17/2013 1017/2013 13-09091 Bl8mllh-214 EPA 901.1 Modified 7.11E+OO 8.28E+OO 6.29E+OO 6.92E+OO pCin 

13-09091.{)3 OUP OUTFALLOOB 0911311312:57 911712013 11Y712013 13-09091 GrosaGamma EPA901.1 Modified 6.34E+02 8.48E+01 9.08E+01 2.54E+01 pCIII 

13-091)91.{13 DUP OUTFALLOOB 09113113 12:57 9117/2013 1017/2013 13-090511 Potuslum-40 EPA 901.1 Modified 6.34E+Q2 8.48E+01 9.08E+01 2.54E+01 pCUl 

13-09091 .{)3 OUP OUTFALLOOB 09113/13 , 2:57 11117/2013 10/7/2013 13-09091 \.aad-212 EPA 901.1 Modified 1.57E+OO 2.B2E+OO 2.82E+OO 4.80E+OO pC\11 

13-09091.{)3 DUP OUTFALLOOB 09113113 12:57 911712013 101712013 13-09091 L.ead-214 EPA 901.1 Modifted 2.41E+OO 3,65E+OO 3.65E+OO 6.04E+OO pCi/1 

13-09091.{)3 DUP OUTFALLOOB 0911311312:57 911712013 1017/2013 13-09091 Radlum-228 EPA 901.1 Modified 7.10E+OO 6.28E+OO 6.29E+OO 6.92E+OO pCI/1 

13-09091.{)3 OUP OUTFALLOOB 0911311312:57 9117/2013 1017/2013 13-09091 Redh.rn-228 EPA 901.1 Modined 9.44E+OO 9.15E+OO 9.16E+OO 1.31E+01 pCI/I 

13-09091..03 DUP OUTFALLOOB 09/13113 12:57 9117/2013 1017/2013 13-09091 Thoriwn-234 EPA 901.1 Modinacl 4.82E+01 4.88E+01 4.8BE+01 3.48E+01 pCin 

13-09091..03 DUP OVTFALLOOB 09113/1312:57 9/1712013 1017/2013 13-09091 Thaltium-208 EPA 901.1 Modified 9.02E+OO 5.66E+OO 5.66E+OO 6.26E+OO pCUI 

cU.COUnUng Uncertalnty;CSU..Comblned Standerd Uncertainty (2-slgm•);MDA-Minlmal DeleCCBd Actlvlly;LCS=Lebol1ltory Control Sample; MBLDBIInk; DUP=Dupll~; TRG.,NonnaiSIImpla; DOoDupllcace Original 
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Printed: 1011612013 2:46PM Page3of3 

RepottTo: Vtb11! Oilier Detllla; 

Eberline Analytical Matt Stewart SDG: 13-09091 
Herst & Associates, Inc. Project Bridgeton 3Q13 Leachate 

Final Report of Analysis 4631 N St Peters P~ Analysis Categoty: ENVIRONMENTAL 
St Charles, MO 83304 Sample Matrix: WA 

Lab Sample Client Sample Receipt I Analysis Batch 
Analyte 1181hod csu 

Report 
ID T~ ID Date Date . Date 10 Reeult cu MDA 

Units 
13-09()g1.01 LCS KNOWN 09117/13 00:00 1111712013 101812013 13-09091 Radlum-228 EPA i04.0 Modllled 8.54E+OO 4.36E.01 pCi/1 
13-09091.01 LCS SPIKE 09117113 00:00 !111712013 10t'812013 13-09091 Radh.m-228 EPA 904.0 Modified 7.23E+OO 8.46E.01 1.84E+OO 1.13E+OO pCIII 

13-08091-02 MBL BLANK 09117/13 00:00 911712013 1018/2013 13.()g()g1 Radlum-228 EPA 904.0 Modified 6.79E.01 5.29E.01 5.50E.01 1.05E+OO pCiJI 

13-0QOi1-03 DUP OLffFALL 008 09113113 12:57 11117/2013 101812013 13-090Q1 Radlum-228 EPA 904.0 Modified 9.87E-01 1.25E+OO 1.27E+OO 2.57£+00 pCIII 

13--0!1091-04 DO OUTFALL008 09113113 12:57 911712013 1 (11812()13 13-09091 Radlum-228 EPA 904.0 Modified 2.09E+OO 1.33E+OO 1.41E+00 2.59E+OO pCiJI 

13--09091-01 LCS KNOWN 09117113 00:00 1111712013 10/812013 13-09091 uranlum-234 EML U-02 Modified 8.18E+OO 2.95E.01 pCIII 

13--09091-01 LCS SPIKE 09117/13 00:00 9/1712013 1018/2013 13-09091 Uranium-234 EML lJ-02 MOdified 7.2&E+OO 9.11E-01 1.05E+OO 5.69E-02 pCi/1 

13-09091-02 MBL BLANK 09/17/13 00:00 9117/2013 10/812013 13-09091 urenlum-234 EML U-02 Modified 7.87E-02 6.19E-02 6.21E.{)2 7.07E-C2 pCI/I 

13--09091-03 DUP OUTFALLOOB 09113113 12:57 911712013 101812013 13-09091 Uranlum-234 EML U-02 Modmed 3.10E+OO 1.38E+OO 1.40E+OO 8.21E.01 pCiJI 

13-09091-04 DO OUTFALL 008 09113113 12:57 !111712013 101812013 13-011091 Uranii.ITI-234 El.ll U-02 Modified 1.82E+OO 9.90E.01 9.99E.01 7.19E-D1 pCill 

13-09091.01 LCS SPIKE 09117113 00:00 911712013 101812013 13-011091 Uranlurn-23!1 EML lHl2 Modified 4.63E-01 1.82E-D1 1.65E-01 6.39E-02 pCI/1 

1 3--0!1091-02 MBL BLANK 09117113 00:00 9117/2013 101812013 13-09091 uranlum-235 EML U-02 Modified 1.89E-02 3.60E-02 3.61E-02 6.67E-D2 pCill 

13--09091-03 DUP OUTFALLOOB 09/1311312:57 911712013 10/812013 13-09091 Uranlum-235 EML U-02 Modified 7.35E-D1 8.09E.C1 8.11E-D1 1.10E+OO pCi/1 

1 3--0!1091-04 DO OLffFALL 008 09113113 12:57 911712013 1018/2013 13-011091 urenlum-235 EIIIL U-()2 Moclilied 9.43E.C1 8.21E-D1 8.24E-01 9.43E-D1 pCill 

13-09091.{)1 LCS KNOWN 09117/13 00:00 911712013 101812013 13-09091 Uranlum-238 EML U-02 Modified 7.98E+OO 2.87E-D1 pCUI 

13-09091-01 LCS SPIKE 09117/13 00:00 911712013 101812013 13-090Q1 Uranlum-238 EML U-02 Modified 7.34E+OO 9.1BE-D1 U16E+OO 5.66E-D2 pCill 

13-DSI091.02 MBL BLANK 09117/13 00:00 911712013 101812013 13-011091 Uranlum-238 EML U-02 Modified 1.53E-02 2.91E-D2 2.91E-02 5.38E-D2 pCIII 

13-09091-03 DUP OLffFALL 008 09113113 12:57 911712013 1018/2013 13-090Q1 urenlum-238 EML U-o2 Modified 2.20E+OO 1.15E+OO 1.16E+OO 6.19E-01 pCI/1 

13-08091-04 DO OUTFALLOOB 09113113 12:57 911712013 101812013 13-011081 UIW1ium-238 EML U-02 Modified 2.47E+OO 1.15E+OO 1.16E+OO 8.86E-D1 pCI/1 

CU•Countlng Unc•rtelnty;CSUcComblned Standard Uncertelnty (2 .. 1gma);MDAooMinlmal Detected Actlvlty;LCS•Labo,.tory Control Sample; IIBL=Blank; DUP.OupUc:ata; TRG-Nonnal Sample; Do-Duplte.la Original 

EBERLINE ANALYTICAL CORPORATION 
601 SCARBORO ROAD OAK RIDGE, TN 37830 865/481-0683 FAX 865/483-4621 



Printed: 1011612013 2:46PM Page 2 of3 

Report To: Wot* Order O.lllls: 

Eberline Analytical Matt Stewart SDG: 13-09091 
Herst & Associates, Inc. Project: Bridgeton 3013 Leachate 

Final Report of Analysis 4631 N St Peters Pkwy Analysis CategOf}': ENVIRONMENTAL 
St Charles, MO 63304 Sample Matnx: WA 

Lab Sample Client Sample Racalpt Anal~la Batch 
Analyte Method Result cu I csu MOA Report 

ID Type ID Dele Dete Date ID Units 

13-()91191-()4 DO OUTFALLOOB 0!1113113 12:57 9.'1712013 10/BJ2013 13-091191 Aclinium-228 EPA 901.1 Modified 1.ME+01 8.3CE+OO 8.33E+OO 9.59E+OO pCill 

13-09091-()4 DO OUTFALLOOO 09/13113 12:57 911712013 i 101812013 13-09091 Blsmulh-214 EPA901.1 Modified 1.38E+OO 4.04E+OO 4.04E-t()() 8.99E+OO pCIJI 

13-09091-()4 DO OUTfALLOOB 09/1311312:57 9/17/2013 10/812013 1!-09091 GroHGarrma EPA 901.1 Modified 5.89E-+02 7.92E+01 8.47Et01 2.54E+01 pein 

13-09091-<14 DO OUTFALL008 09/1311312:57 911712013 1018/2013 13-091191 PolaUium-40 EPA 901.1 Modified 5.89E+02 7.92E+01 8.47Et01 2.54E+01 pCi/1 

13-09091-1)4 DO OUTFALL 008 09/13113 12:57 9117/2013 1MI/2013 13-09091 L.aad-212 EPA 901.1 Modified 4.06E+OO 2.78E-t00 2.79E+OO 3.39E+OO pCIII 

13-09091-()4 DO OUlFALLOOB 09/13113 12:57 911712013 10/812013 13-09091 Lead-21<1 EPA901.1 Modified 5.57E+OO 3.80E+OO 3.81E+OO 8.48E+OO pCUI 

13-09091-<14 DO OUlFALL 008 09/1311312:57 911712013 101812013 13-09091 Radlum-228 EPA 901.1 Modified 1.38E+OO 4.04E+OO 4.04E+OO 8.99E-t00 pein 

13-09091-()4 DO OUTFALLOOO 09113113 12:57 911712013 10/812013 13-09091 Radlum-228 EPA 901 .1 Modified 1.34E+01 8.30E+OO 8.33E+OO 9.59E+OO pCIII 

13-09091-()4 DO OUTFALLOOO 09/13113 12:57 911712013 1MI/2013 13-091191 Thoriwn-234 EPA 901. 1 Modified 8.67E+01 4.8BE+01 4.91E+01 3.32E+01 pCIII 

13-09091-()4 DO OUlFALLOOS 09113113 12:57 9/1712013 1018/2013 13-09091 Thalllum-208 EPA 901.1 Modified 3.99E+OO 5.27E+OO 5.27E+OO 11.04E+OO pCIII 

13-09091-01 LCS KNOWN 09117113 00:00 9.'1712013 1017/2013 13-09091 Gross Alpha EPA 900.0 Modified 3.24E+02 1.39E+01 pCUI 

13-09091-D1 LCS SPIKE 09117/13 00:00 9/1712013 101712013 13-09091 GrouAIPhll EPA 900.0 Modified 2.<13E+02 6.99E+OO 2.74E+01 4.15E-D1 pCIII 

13-09091-()2 MBL BLANK 09/17/13 00:00 911712013 1017/2013 13-091191 GrouAipha EPA 900.0 Modified -2.66E-D2 3.69E-D2 3.70E-D2 1.47E-D1 pCIII 

13-090111-DJ DUP OUTFALLOOO 09/13113 12:57 911712013 101712013 13-()9091 Gross Alpha EPA 900.0 Modilled 8.71E+01 1.21E+02 1.21E+02 2.<16E+02 pCI/1 

13-09091-()4 DO OUTfALL ODS 09113113 12:57 911712013 100/2013 13-09091 Gros5Aipha EPA QOO.O Modllilld 2.16E+02 1.08E+02 1.00E+02 4.05E+01 pCin 

l 
13-09091-01 LCS KNOWN 09/17113 00:00 911712013 1017/2013 13-090111 GroHBIIIII EPA 900.0 Modified 2.28E+02 6.79E+OO pCIJI 

13-09091-D1 LCS SPIKE 08/17113 00:00 911712013 101712013 13-09091 Gross Bela EPA 900.0 Modified 2.<13E+02 5.aeE+OO 3.41E+01 9.17E-D1 pCIJI 

13-09091-()2 MBL BLANK 0!1117113 00:00 9/17/2013 i 1017/2013 13-09091 Grose Beta EPA 900.0 Modllled 7.68E-02 2.51E-D1 2.51E-01 5.30E-o1 pCIII 

13-09091-03 CUP OUTFALl008 09113/13 12:57 911712013 1017/2013 13-09091 GroHBIIIII EPA 900.0 Modified 8.79E+02 1.82E+02 2.19E+02 2.93E+02 pCIJI 

13-09091-04 DO OUTfALLOOO 09/13113 12:57 911712013 10012013 13-09091 Gross Billa EPA 900.0 MOdified 8.19E+02 1.69E+02 2.04E+02 2.68E+02 pCI/1 

13-09081-D1 LCS KNOWN 0!1117/13 00:00 9117/2013 1012/2013 13-09091 Radlum-226 EPA 903.0 Modllled 1.02E+01 4.71E-D1 pCIII 

13-090111-D1 LCS SPIKE 09/17/13 00:00 9117/2013 101212013 13-09091 Radlum-228 EPA 903.0 Modified 1.07E+01 1.22E+OO 2.56E+OO 1.97E-D1 pCIII 

13-09091-02 MBL BLANK 011/17/13 00:00 911712013 1012/2013 13-09091 Radltm-228 EPA 903.0 Modtrled -5.77E-D3 6.75E-D2 6.75E-D2 1.42E-01 pCIII 

13-09091-D3 DUP OUTFALLOOO 09113113 12:57 911712013 101212013 13-09091 Redlum-228 EPA 903.0 Modified 6.34E-01 4.98E-D1 5.14E-D1 4.56E-01 pCUI 

13-09091-D4 DO OUTFALLOOO 09113113 12:57 911712013 101212013 13-09091 Radlum-228 EPA 903.0 Modilled 1.42E-D1 2.40E-D1 2.42E-D1 4.08E-D1 pCill 

CU.Countlng Uncertllnty;CSIJ-comblned Standard Unc-lnty (2-slgme);MDA•Minlmal Detactad Acllvlty;LCSaLaboratory Control Sample; MBLaBiank; DUP=Dupllcate; TRGaNonnal Sample; DO•Dupllc•ta Or1glnal 

j!JEBERLINE 
"" SERVICES 

EBERLINE ANALYTICAL CoRPORATION 
601 ScARBORO ROAD OAK RIDGE, TN 37830 865/481-0683 FAX 8651483-4621 
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EBERLINE 
SERVICES 

EBERLINE ANALYTICAL CORPORATION 

601 SCARBORO ROAD 

OAK RIDGE, TENNESSEE 37830 
PHONE (865) 481-0683 

FAX (865) 483-4621 

EBS-OR-36334 

November 5, 2013 

Matt Stewart 
Herst & Associates, Inc. 
4631 N St. Peters Parkway 
St. Charles, MO 63304 

SAMPLE RECEIPT 

CASE NARRATIVE 
Work Order# 13-10138-0R 

This work order contains one water sample re-logged on 10/28/2013 at the client's request. This sample 
was analyzed for Isotopic Thorium and Polonium-210. 

CLIENTID 

OUTFALL 008 

ANALYTICAL METHODS 

LABID 

13-10138-04 

Isotopic Thorium was analyzed using Method EML Th-O 1 Modified. Polonium-21 0 was analyzed using 
Method EML Po-2 Modified. 

ANALYTICAL RESULTS 

Combined Standard Uncertainty is reported at 2-sigma value. 

SPECIAL CIRCUMSTANCES 

Due to the very high total solids content within this sample, additional analyses were conducted to 
determine if any possible alpha emitting radionuclides were present from the Uranium and Thorium 
series. Isotopic Uranium, Radium-226, Radium-228 and gamma spectroscopy were analyzed from the 
first series of analyses (Eberline work order 13-09091). In order to complete the review of potential 
radionuclides present within the Uranium and Thorium series, Isotopic Thorium and Polonium-210 were 
analyzed. Isotopic Thorium was analyzed to evaluate Thorium-232 (the parent radionuclide within the 
Thorium series} and Polonium-210 was analyzed as one of the last radionuclides present within the 
Uranium series. Along with data from the previous work order, 13-09091, it is ascertained that this 
sample does not contain any positive alpha emitting radionuclides. 

ISOTOPIC THORIUM 

Sample was prepared by removing a representative aliquot followed by mixed acid digestions as 
appropriate. Thorium was selectively extracted by ion exchange. Thorium was eluted, micro-precipitated 
and mounted on micro-porous filter media. Sample activities were then determined by alpha spectroscopy 
using energy specific regions of interest for Thorium-228, Thorium-230 and Thorium-232. Chemical 
recovery was determined by the use of a Thorium-229 tracer. Activity of the Thorium-229 tracer was 
determined by alpha spectroscopy using an energy specific region of interest. 
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ANALYTICAL RESULTS CONTINUED 

ISOTOPIC THORIUM CONTINUED 

Sample demonstrated significant interference issues during the analysis process. Therefore, results for 
Thorium-230 were very problematic as a result of spectral trailing of the Thorium-229 into the Thorium-
230 region of interest. In the case of the duplicate analysis, this problem was so severe that this result 
was rejected as not acceptable and therefore is not reported. Thorium-230 results for the duplicate original 
also demonstrated this problem; however, this result has been reported in an attempt to provide a value for 
Thorium-230. However, this result is biased positive and should not be considered as a true positive. 
Results for the Thorium-230 duplicate original should be qualified as "ESTIMATED HIGH". Due to the 
fact that Thorium-228 and Thorium-232 emissions are far enough from the Thorium-229 tracer, this data 
was not affected by the spectral trailing issue; however, due to low chemical recoveries, results for 
Thorium-228 and Thorium-232 have high method detection limits. All Thorium results should be 
qualified as estimated due to low chemical recoveries. Due to the high total solids content, this sample is 
not very amenable to this procedure. A reanalysis was not conducted because this would result in the 
same condition as this analytical attempt. The Thorium-228, Thorium-230 and Thorium-232 method 
blank demonstrated acceptable results. Results for the Thorium-228, Thorium-230 and Thorium-232 
duplicate demonstrated a high relative percent difference; however, normalized difference is within 
acceptable limits for the analytical technique. Results for the Thorium-228, Thorium-230 and Thorium-
232 laboratory control sample demonstrated an acceptable percent recovery. 

POLONIUM-21 0 

An aliquot of the aqueous sample was dried and digested in aqua regia. Sample was subsequently diluted 
and then aliquots from the dilutions were taken for Polonium-21 0 chemistry. Sample was buffered with 
ascorbic acid. Sample was then spontaneously electroplated onto a nickel disc. Sample was traced with 
Polonium-208 for chemical recovery qualification. Electroplated sample was then counted by alpha 
spectroscopy. 

Sample demonstrated somewhat problematic results for Polonium-210 activity. Chemical recovery is 
acceptable for aJl samples. Sample does not demonstrate any positive Polonium-210 activity. The 
Polonium-210 method blank demonstrated an acceptable result. Result for the Polonium-210 duplicate 
demonstrated a high relative percent difference; however, normalized difference is within acceptable 
limits for the analytical technique. Results for the Polonium-210 laboratory control sample demonstrated 
an acceptable percent recovery. 

CERTIFICATION OF ACCURACY 

I certify that this data report is in compliance with the terms and conditions of the Purchase Order, both 
technically and for completeness, for other than the conditions detailed above. Release of the data 
contained in this hard copy data package has been authorized by the cognizant project manager or his/her 

---- ignee to be accurate as verified by the following signature. 

c 0 

Laboratory Manager 

Date: ll/5120 13 

Eberline Analytical wants and encourages your feedback regarding our performance providing radionnalytical services. Please 
visit htto://www.eberlineservices.com/client.htm to provide us with feedback on our services. 
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Printed: 11/512013 3:35PM Page1 of 1 

Repolf To: Worlc Ordllr Delllls: 

Eberline Analytical Matt Stewart SDG: 13-10138 
Herst & Associates, Inc. Project: Bridgeton 3013 Leachate 

Final Report of Analysis 4631 N St Peters Pkwy Analysis Category. ENVIRONMENTAL 
St Charles, MO 63304 Sample Matrix: WA 

Lab S.mple Client S•mple Receipt AnJiys• Batch 
Anelyta Method R•port 

ID Type ID Date Date DJte ID 
Result cu csu MDA 

Units 

13-10138-01 LCS KNO~ 10128/13 00:00 1012812013 10/3112013 13-10138 Polonium-21 0 EML Po-2 Modilled 7.116E+OO 2.95E-01 pCi1 

13-10138-01 LCS SPIKE 10128113 00:00 1012812013 10/31/2013 13-10138 Polonium-21 0 EML Po-2 Modllied 7 .22E4{)0 1.20E+OO 1.32E4{)0 1.30E..01 pcill 

13-10138-02 MBL BLANK 1 0128113 00:00 10/2812013 10/3112013 13-10138 Polonlum-21 0 EMLPo-2Modilled O.OOE+OO 5.S4E·02 5.54E-02 1.20E-01 pCi/1 

13-10138-03 DUP OUTFALL008 011113113 12:57 10/2812013 10/3112013 13-10138 Palonium-21 o EML Po-2 Modllled 8.54E-02 1.57E-01 1.57E-01 3.29E-ll1 pCUI 

13-10138-().4 DO OIJTFALL 008 0911311312:57 1012812013 10/31/2013 13-10138 Palonium-21 0 EML Po-2 ModiFied 8.83E-01 4.72E-01 4.75E-01 4.47E..01 pCill 

13-10138-01 LCS KNOINN 10128/13 00:00 10/28/2013 10/31/2013 13-10138 lharium-228 EML Th-ll1 Modlllad 4.85E+OO 1.75E-01 pCit1 

13-10138-01 LCS SPIKE 10128/13 00:00 1012812013 1013112013 13-10138 lhorium-228 EML Th-ll1 Madilled 5.31E+OO 8.50E-01 9.88E-01 8.11E·02 pCi/1 

13-10138-02 MBI. BLANK 10128113 00:00 1012812013 10/3112013 13-10138 Thorium-228 EML Th-01 Modified 4.13E-02 5.36E-02 5.37E-02 7.41E..02 pCi/1 

13-10138-03 DUP OUTFALL 008 0911311312:57 1012812013 10/31/2013 13-10138 Thorium-228 EML Th-01 Modified ·5.98E-01 1.28E+OO 1.28E+OO 3.70E+OO pCI/I 

13-10138-04 DO OUTFALL008 09/13/13 12:57 10/2812013 1013112013 13-10138 lhorium-228 EML Th-01 Madilled 8.64E-01 1.11E+OO 1.11E4{)0 1.91E+00 pCit1 

13-10138-01 LCS KNOWN 10128/13 00:00 10121112013 10/31/201~ 13-10138 Thorium-230 EML Th-41 ModHied S.45E+OO 1.47E-01 pCUi 

13-10138-01 LCS SPIKE 10128/13 00:00 10121112013 10/3112013 13-10138 Thonum-230 EML Th-ll1 Modified 4.82E+OO 7.87E-01 9.87E-01 7.55E-02 pCIII 

13-10138-02 MBL BLANK 1 0128/13 00:00 1012812013 10/3112013 13-10138 Thorium-230 EML Th-01 Modlliad 8.26E-02 7.65E-02 7.72E-02 8.76E-02 pCUI 

13-10138-04 DO OUTFALL 008 09/13113 12:57 1012812013 10/31/2013 13·10138 Thorfum-230 EML Th-ll1 Madlliad 1.75E+OO 1.45E+OO 1.47E+OO 1.07E+00 pCill 

13-10138-01 LCS KNOWN 10/28/13 00:00 1012812013 1013112013 13-10138 Thorium-232 EML Th-ll1 Modllled 4.85E+OO 1.75E-01 pCI/1 

13-10138-01 LCS SPIKE 10128/13 00:00 10128/2013 10/31/2013 13-101311 Thorfum-232 EML Th-O 1 Modified S.OBE+OO 8.18E-ll1 9.32E-01 8.&2E-ll2 pCi/1 

13-10138-02 MBL BLANK 10/28/13 00:00 10/2812013 10131/2013 13-10138 lhortum-232 EML Th-01 Modilled 4.65E-02 8.13E-02 6.14E-02 9.29E-02 pCV\ 

13-10138-03 OUP OUTFALLOOB 09/13113 12:57 10/28/2013 10/3112013 13-10138 Tharium-232 EML Th-ll1 ModHied 4.64E-01 1.13E+i10 1.13E+OO 2.33E+OO pCi/l 

13-10138-04 00 OUTFALL008 08/13H3 12:57 101'2812013 1013112013 13-10138 Thorium-232 EML Th-ll1 folodllied 9.38E-ll1 1.06E+OO 1.06E+OO 1.23E+OO pCi/1 

CU=Countlng Unc:ertslnty;CSUIIComblned Stendard Uncertainty (2-elgrM);MIJAooMinlmal Oll(acted Ac:Civlty;LCS~Laboramry Control Semple; MBL•Bienll; DUPOJOupiiAie: lRGaNonMI Semple; oo-Dupllcale Original 

,EBERLINE 
~ SERVICES 601 SCARBORO ROAD OAK RIDGE, TN ~7830 865/481-068~ FAX 865/483-4621 

EBERLINE ANALYTICAL CORPORATION 



EBERLINE 
SERVICES 

EBERLINE ANALYTICAL CORPORATION 

601 SCARBORO ROAD 

OAK RIDGE, TENNESSEE :57830 
PHONE {865) 481-0683 

FAX {865) 483-4621 

EBS-OR-36640 

January 17,2014 

Matt Stewart 
Herst & Associates, Inc. 
463 I N St. Peters Parkway 
St. Charles, MO 63304 

SAMPLE RECEIPT 

CASE NARRA TIYE 
Work Order# 14-0 I 006-0R 

This work order contains one water sample received 01/02/2014. This sample was analyzed for Isotopic 
Uranium, Radium-226/228, Gross Alpha/Beta and by Gamma Spectroscopy. 

CLIENT 1D LAB ID 

OUTFALL008 14-0 I 006-04 

ANALYTICAL METHODS 

Isotopic Uranium was analyzed using Method EML U-02 Modified. Radium-226 was analyzed using 
EPA Method 903.0 Modified. Radium-228 was analyzed using EPA Method 904.0 Modified. Gross 
Alpha/Beta was perfonned using EPA Method 900.0 Modified. Gamma Spectroscopy was performed 
using EPA Method 901.1 Modified. 

ANALYTICAL RESULTS 

Combined Standard Uncertainty is reported at 2-sigma value. 

ISOTOPIC URANIUM 

Sample was prepared by removing a representative aliquot followed by mixed acid digestions as 
appropriate. Uranium was selectively extracted by ion exchange. Uranium was eluted, micro-precipitated 
and mounted on micro-porous filter media. Sample activities were then determined by alpha spectroscopy 
using energy specific regions of interest for Uranium-234, Uranium-235 and Uranium-238. Chemical 
recovery was determined by the use of a Uranium-232 tracer. Activity of the Uranium-232 tracer was 
determined by alpha spectroscopy using an energy specific region of interest. 

Sample demonstrated acceptable results for all Uranium analyses. Chemical recovery was acceptable for 
all samples. The Uranium-234, Uranium-235 and Uranium-238 method blank demonstrated acceptable 
results. Results for the Uranium-234 and Uranium-235 duplicate demonstrated an acceptable relative 
percent difference and normalized difference. Results for the Uranium-238 duplicate demonstrated a high 
relative percent difference; however, normalized difference is within acceptable limits for the analytical 
technique. Results for the Uranium-234 and Uranium-238 laboratory control sample demonstrated an 
acceptable percent recovery. 

Page 1 of3 
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ANALYTICAL RESULTS CONTINUED 

RADIUM-226 

Sample was prepared by removing a representative aliquot followed by mixed· acid digestions as 
appropriate. This was followed by selective sulfate precipitations of the Radium. Sample was then 
mounted by semi-micro-precipitations onto micro-porous filters. Sample was counted by alpha 
spectroscopy using an energy specific region of interest for Radium-226. Chemical recovery was 
calculated by the use of a Barium-133 tracer, which was determined by HPGe gamma spectroscopy. 

Sample demonstrated acceptable results for all Radium-226 analyses. Chemical recovery was acceptable 
for all samples. The Radium-226 method blank demonstrated acceptable results. Results for the Radium-
226 duplicate demonstrated a high relative percent difference; however, normalized difference is within 
acceptable limits for the analytical technique. Results for the Radium-226 laboratory control sample 
demonstrated an acceptable percent recovery. 

RADJUM-228 

Following alpha spectroscopy analysis of Radium-226, Barium/Radium Sulfate prec1p1tates were 
redissolved and allowed for sufficient ingrowth of the Actinium-228 daughter. After ingrowth, Actinium-
228 was selectively precipitated. Precipitates were filtered and beta emissions for Actinium-228 were then 
counted on a gas proportional counter. Chemical recovery was detennined by the use of a Barium-133 
tracer, the activity of which was determined by HPGe gamma spectroscopy and an elemental Yttrium 
carrier by gravimetric measurements. The product of these two recoveries was used to calculate chemical 
yield. 

Sample demonstrated acceptable results for all Radium-228 analyses. Sample results demonstrated 
slightly high detection limits. Chemical recovery was acceptable for all samples. The Radium-228 method 
blank demonstrated acceptable results. Results for the Radium-228 duplicate demonstrated a high relative 
percent difference; however, nonnalized difference is within acceptable limits for the analytical 
technique. Results for the Radium-228 laboratory control sample demonstrated an acceptable percent 
recovery. 

GROSS ALPHA & BETA 

Sample was prepared by evaporation of a representative volumetric aliquot acidified with HN03• Reduced 
sample was then transferred to a steel planchet for final evaporation to dryness and flaming. Sample was 
then counted on a gas proportional counter. Results were corrected as required for inherent self­
absorption based on residual mass present. 

Sample demonstrated acceptable results for all Gross Alpha and Beta analyses. Sample results 
demonstrated slightly high detection limits. The Gross Alpha and Beta method . blank demonstrated 
acceptable results. Results for the Gross Alpha and Beta duplicate demonstrated a high relative percent 
difference; however, nonnalized difference is within acceptable limits for the analytical technique. 
Results for the Gross Alpha and Beta laboratory control sample demonstrated an acceptable percent 
recovery. 
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ANALYTICAL RESULTS CONTINUED 

GAMMA SPECTROSCOPY 

Sample for Gamma Spectroscopy analysis was prepared by transferring a volumetric aliquot of the 
sample to a standard geometry container. Sample was counted on a High Purity Germanium (HPGe) 
gamma ray detector. 

Sample demonstrated acceptable results for all gamma-emitting radionuclides as reported. Gross Gamma 
results were calculated by summation of positive gamma emitting radionuclides. Due to the non-positive 
nature of the method blank, Gross Gamma results were inferred from Cesium-13 7 for demonstration of 
method sensitivity only. The method blank demonstrated acceptable results for all radionuclides as 
reported. Results for the Actinium-228 replicate demonstrated a high relative percent difference; however, 
normalized difference is within acceptable limits for the analytical technique. Results for the Bismuth-214 
and Potassium-40 replicate demonstrated an acceptable relative percent difference and normalized 
difference. Results for the Cobalt-60 and Cesium-137 laboratory control sample demonstrated an 
acceptable percent recovery. 

CERTIFICATION OF ACCURACY 

I certify that this data report is in compliance with the tenns and conditions of the Purchase Order, both 
technically and for completeness, for other than the conditions detailed above. Release of the data 
contained in this hard copy data package has been authorized by the cognizant project manager or his/her 
designee to be accurate as verified by the following signature. 

Date: 1/17/2014 

Ebcrlinc Analytical wanL~ and encourages your f<Xdback regarding (lUI' performance providing radioanalytieal services. Please 
visit http:f/W\\'W.c:bcrlim:servi!(cs.cornlclic:nt.htm tu pruvid~ us with t<::cdback on llUr $Crvicc. 
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· Printed: 1/17/2014 2:52 PM 

Eberline Analytical 
Final Report of Analysis 

lAb ! Sample j Client 
ID 1 Type l ID 

~~:+~-8-----~---·· 
14-01()()6.04 ; DO +-OUTFALL 008 

:=:-~=--· _- ~~-~-~~--~~~~--~-=--====~~~-·::~ .. -~ 
14-01006-01 : LCS i KNOWN 

-;i4:01Q()6:01. 1-·-LCS-·;· SPIKE ·---
---------1--------+-------------- --
14-010~0~·-l---~~!:.---{_~LAN~---·-·-

~~::01006-0~ ~-~'J.~--_} ___ <:_:JUTFALL 008 ________ ·-· . 

_...:.._4:<J1~Q4. ~ --~-+ OUTFALL OOB ____ .. -·- ..... _ 

1---------------~---- --- -~----------------------------
14-0100~?.: __ :__1:_~---L-~!'l~~----·--··· ... 
14-01008..{)1 ' LCS / SPIKE 

1----·---·-· ·1---·----J--------------- .. 
~010~~ -~----~_1:_--l __ BLANK ______ _ 

14-01006-03 ; DUP j OUTFALL 008 
f-14-0100i04···;·--·oaT- OUTFALL 008 --------- ···-·-· 

-----·· ..... ··'··· -·--·-+--·--------·······. 
. I 

~;;1;~:::r=f~~:.-.1:·~~~---=--==:-::.=: ... 
14-01o08-02_1"_uel"-+ ·ai.ANK··---·-----
14-o1ooS:03 Tcu-p-t--oUTFALL 008 

~-------+---···+·---·----------·-· 
14..{)100~--~-~<?. _j_ _ _<?~~LL 008 ---···--· .. 

I ! 
-----· !--·· ··- ·--··1·-·-·-··-·-··--------·· ... 

14..{)10Q&.01 ; LCS I KNOWN 
----··· ·i----- -·····- -·······-·-------········--··-

14..{)10Q&.01 ! LCS SPIKE 
---~--+-··-------- ---------------------------- -·-·· 
14..{)1006-02 ! MBL BLANK 

14:QiOOiQ3~t_ ~~·:=::· __ «?_~FALL oiia·-~~.:=:::·_ . 
14-01006-04 . DO OUTFALL DOS 

Matt Stewart 

Sample 
Date 

Report To: 

Page 1 of 3 

Wotj{ Orrisr Detals: 

CU>'Countlng Uncartalnty;CS~mblned Standard Uncertainty (2·slgma);MDA•Minlmal Detec:ted Actlvltif;LCS=Laboratory Control S.mpla; MBL,Biank; DUP=Oupllceta; TR~Normal Sample; DO.Dupllcata Original 

,EBERLINE 
~ Se:.RVICES 

EBERLINE ANALYTICAL CORPORATION 
601 SCARBORO ROAD OAK RIDGE, TN 37830 865/481-0683 FAX 865/483-46Zt 

·~ ---~---. --. ---;-~----------------·--'--------------. ---------:---· ..... . 



· Printed: 1/1712014 2:52PM 

Eberline Analytical 
Final Report of Analysis 

Page 2of3 

Report To: Wotk Order Details: 

Matt Stewart _______ __ _______ ---------------- -----------~E-~j_J__~_~Q-~_Q9_~-------------- _ --------------------------
·- ____ ; ___ !!_erst & Associat'!_S~~-·- __ _ _____ ____ ____ ________ ____ . Project: I ~ri~~on 4(L1] __ l.:_~~-~-!!_~t~_ --------------·-·-----
_________ 4631 N St Peters P~--- ___ .. _____ ·------- __ An~f!Bis -~_!egrxy: __ ---~~_Y.1_13QNM§~TAI:_ _________________ _ 

St Charles, MO 63304 Sample Matrix: WA 
Lab Semple Client Sample Receipt Analysll Batch 

1

· I Report 
An•lyt.e Machod Result CU CSU MDA 

ID Type 10 o.rte Delli Oaw 10 j Units 

CLr-CounUng Uncertalnty;CSUaComblnad Standard Uncertainty 12-algm•);MDAaMinlmal Dvtec:ted ActiYity;LCS=Libonrtory Control Sample; MBL=Biank; DUP.Cuplk:IIW; TRG"NOIINII Sample; IJOaOupllc:ate Ortglnal 

,EBERLINE 
~ SERVICES 

EBERLINE ANALYTICAL CORPORATION 
601 SCARBORO ROAD OAK RIDGE, TN 37830 865/481-0683 FAX 865/483-462t 

----------·-. ---·····_---------·--------·- -----·----···•· ............. ,,, ________ ·~------.. ---":------ - ---·-----·---- --- ----------.. ------~-



Printed: 1/1712014 2:52 PM Page 3 of 3 

Repon To: Worlc OrrJer Details: 

E berlin e An a I yti ca I _Matt steY!!rt ___ _ ___ ___ ____ ________________ _________________ __ ~~~.1-... -J .. ~~-~-Q_~_!; _________________________________________________ _ 
Final Report of Analysis -- Herst ~-~~~~~~t!_~·-1-"-~·- ------------ ------------··------·!.':0~~~-~----~!!_dgeton 4q~-~--~~-~g!:J.~!~--------·--------------

I---4-"-s &.:..t ~;;._\c:r=t~~r:;3~ _________________ A._~~;P;-~~1-- ~lVIRONMEN!._~h_ _________ -----------------·-··------· 

Lab Sample Client Sample ! Receipt l Ana~is i BalCh I j Report 
ID Type ID Date l Date i Dale i ID An~lyta Method Result I CU CSU MDA Unlta 

CU..C0unt1n11 Uncertalnty;CSUaComblned Standard Uncertainty (2-slllma);MDA=Minlm~l Detected Actlvlty;LCS=Labor.atory Control S.mple; MBL=Biank; DUP•Dupllclltll; TRG=Nonnal Sampla; DO.Oupllcata Original 

,EEIER.LINE 
~ SERVICES 601 SCARBORO ROAD OAK RIDGE, TN 37830 865/481-0683 FAX 865/483-4621 

EBERLINE ANALYTICAL CORPORATION 

f------ ------------ ------··---------------- "---------- ... ------ .... , .... ··---~---------~-· .. ~---·-·--- ..... -------- ·-·····-:----·-···,-···'-······-------····' -········ 
·····-- -.--------_-.....,.._ _______________ ~_ 

.. ' 



Table 1 
Bridgeton Radiological Chemistry 

.. ---Aiplwo{- ~~ 

NA -
locatton Date lab_name_code Sample Type Data Status lab_sdg 

--· NA 

Outfall008 1213012013 Eberine DO QC Pending 14-01006 ---------j _.;·1".20~+1c-· 1"'.9"'3-'pC~U f-------+-;56::;·c;-2.:_;+1C'-88;:;:;;.7_o:pC:;;U:;;· '-f-----=---t-__:;34::;9:-•.:,:l·-;1';:81;-'pC~"':--+__:;57:;8:-•.:,:I·-o9::.1.3:-pC~UI;--+----=----f---''-- 575 +1- 87.1 pCill 0.346 +f. 0.529 pCIII 
Outfal008 1213012013 Eberine DUP QC Pending 14-01006 -1.()9 +/- 2.34 pCil _____ - --j--;::'.:9.cc117-+-::1·::053':.C:6c;pC'-'U:01 ::;--!-----t----::'160:::-,•.;-l· -:,14=1-'pC-=c;Ul-+-:::;:::'536":-:+0::1- ':::91':;.1';0pC::"'UI0:::-t--------t----t--':-533:=-+-':l·-:8::06.75"-pC;O:<:;-I +c0:0.464~-,+lc:- 0::0.59=-8 ",pC:OUI:--1 

I;D;;::utl:;-aiiOO:;;;;oC;-8----t-;91;;:1::03120:2;1:0;-3-f-----;~'Cbe-':;C::-'-:-+----;;DD~-+,:oQC;-C-;;P'-"""";'-'""'-f--:c~~~:;O~:O;:-+------t---- ~16 +/- 106 BQX pC ill 819 +/- 169 pCi/1 589 +/- 79.2 BQX pCI/1 589 +/- 79.2 pCIII 0.142 +/- 0.240 pCI/1 

~-:---- ~;~* ::..:::.-~E:.;cbe~.;c-.".:.9_ _ _ l--::r;;,::_:-~----JC:~'::~-':~C'::.:::c-:"-__ '=_:1"',3-31C:O't1;0:3C:8~t-:.-:.-:_-:_-:_-:_-:_-:_-:_t-:_-:_-:_-:_-:_-:_-:_-:_-:_t-:_-:_-:_-:_-:_-:_-:_-:_-:_·:_11:_"'8_7-"._''-'_•:..l_--''_2=:_1c~B::Q::X~pC-:::.~'-'I f-------_·---~~~~---_-'_8~7:9 __ ...:•_1_-_c::'_8~2 "-pC_=_·~I ::..::..t~634~~+~1-_:8~4.~8 ~BQ~X~pC~~U~I t~o~.883~~+=1-~0~.4~72~pC~~·~I ~::::::::::::::t~6~34~+~1-~8~4.8~pC~~·~I t~0~.6~34~•~1-~0':'_.4:::96 ---,'-'pC= VI'--1 
(_)~~~---- 911312013 Eberline DUP QC Peoding 1J..10138 0.0654 +/. 0.157 pCill I 
OutfaiOOS 911312013 Herrtage DO QC pendng 65229 14000 mgll 

10o~utlall00~%~~s-::_-::_-::_-::_-::_-::_-::_-::_·~~6/~10:8120J':;;.:.:..;:13tt::..::..~E=be"':"''On~o•~-=--=::=::..::foo~::::~~~a~c~P~e~rn>~og~t=1~3-~0005§~s~~==~~~~~~=~~oo'·~5420~·7~1.-~11-~.61~-78~pe3~pC"c;;l1.~-::_-::_-::_-::_~-::_-::_-::_-::_~t::..~46~.::-•;---c•-:l:---:57;-:.7,~pe1u~l-::_~~-=--=--=--=-~-=--=--=--=-t::..::..~•29~=·:-l:---;,'"o~2~pC~•';;u-;;l::::~·~=~~=~~~~~~~-+'--------_-_-_-_-::--+----t--3o;;:76-c. l:-_,o:o-::.o•-pe"-cc..,-t --:o;c_o~7-;;;52cc+-:-1--::0."'1s003:-:pC=VI.-I 
OutfaiOOB 611812013 Eberline DUP QC Pending 13-06059 27.8 +1- 47.3 pCUI 452 +/-104 pCill 393 +1-68.4 pCI/1 O.D867 +/- 0.166 pCi/1 
·----~~---- -=•'::-.2:C;--t----.':'-':-:"'---t---':O;,----+.;:,;;--'--';'=t---'-::.~'-+--===---;;---f='---'--"'-'--'-'-l-~ ---t---=•.:.:..c--==-=:.:__-tr-----+-__:::c_c_.c:_c=:___t-------+-----1-----t-==.:.c.:_-=-:.!:..::+=-'---'---==.:.="'--j 
?~~------- &'1812013 -- ~_:~_!_~_ DO QCpendmg 64835 2800mgJI 

1:~"::=::'-:~0::"'--"':"'::':'--~":-C::~:;:s-:0~--;-:
412

-':41'~=~t~:::
1

'=-::::·~~-:_E;-:-=c:c7'1i_n-_e-_-__ -t_-__ -~:CD:-----t-:-:~:::;;:::=::c:-l--c~C:~:0:
3

C:~:C:5--I·-__ -_":~=
00

=-_ m"'-~"''-1_-__ +--~:_::62_:-+-:-1:_-::8.-::_~s=-_ -.pC:cUcil - ,:-:,::-7-,1:--9::-:1-::.3-pC=.,- I--_ze=. 9-+1:--so=. 7-pC::,·.cl - 464-~-~~-1~ - -1860 +I-~ BQX pCill 557000 ug/1 456 +I-45.6 pCi/1 

f:~'-'::=:::.:~=::cc,"':'~::~:~~==~-l-_-'~~~~~t.:t~-:::.t. ~T~~=E~~~~:::'=~~:~~=---~~---_-'~DU7~~~~p-=-::..~l:::_;~:::=~=:~=~::~::..t~1 ~~~t~~~7~~~~~+=--=-~1500~~-m~-W~-:-'-I ::..1~4.~~~~~:~:~·~~~~PC~V~I=====~====~~~3.~~~4~~~-~+~~-~~3 ~~G~pC~:~~~I ::::::::::~~====~~4~M~+~I-~1~0~4~BQ~X~pC~~U~I ~::::::::::=~======t::::::==~~===~---1-__ -_-_~_~_-_--j+_~v_~_~·~·l~--1~8~7~pC~U~I~=~~;l~.-.~+l;-~~-~2-.;pC~~.-.I;~ 
-----=-------- ·- ------+------ ------- -1---- ---=------- -

~:~aiO~~-- 1C;:1 ~C::-:o~;;;;.;~~;;-t--T'-'"':7:'c,men;',1a"ge-'-~'--fl---:':;:0o----1i~~2;~:C:"'•"'::;':.;'""'-gf--'-100-'-;;64c;:~0.,1308-';-7 "''-t----:340=mgl=l:---f---<_20__,_~_·..__+-------- <3 _ .._UG:_:_pCc;,~;____l--------j-----379 +1- 80.4 pCIII 14.0 +1- 3.19 pCi/1 

t.;D0;;::•utlrtfc':-~'Ouooa,~=.---_-1-_'=-9191:':11 91209120"_':_'::,1 z2_~t.::..T-::__c:-He-'CIA;ri~:='=•"'oe"''-ca_-_-t_;-_-_-}oo00=:,:.'::------~~ ~-::a~c~pe~cc""j' .... ,"'9,_-tl---:o:,-=2::-s1 ;:::136;.:90;14
74:::5-9=--t-t:----_-:c::"~oo~.._m"'.,_gl1"'-'::-'----t+--=---=---:--.-::-:-c:--:---:-;:+--t-·-::::::_-_-_-_+--:--:-=c:-=-+·------

- --~------~-- ~~-~:~--1------o:::---J-Q:O.C'::pe=od=o'-"g-J-'-: 0.5 +1- 5.6 U pCUI 6 -t/· 78 U pC ill 
Outfall008 511512012 Herrtage DO QC pend:ng 63070 660 mgll 

331 +/-74 pCi/1 
- -------t------1-----+--------t--------13.1 +/-2..7 pCi/1 

OutfaltOOB 511512(112 TestAmerica DC QC pending F2E150442 -1.4 +1- 6.6 U pCI/1 - ·-+-2"9_+.._1-.._30'-U'-"-pC"U'--1 ---,!-------f--'----'1-'60'-+_..1-_.3"'3-"pC-'-U'-'I-+------+c------·l------j------f----:';8;c-.6;-,+/-:-- ':~':-6 "-pC'::V':-1 --t 

Otrtf~S 511512012 ~=:=~- ---0: -· ~~ ::~ ~~~~:~~ --_---~~ :;. ~.~~ ~~II ---- -=---~ r-J·s--+-,-1--::c30"U::-:pC:cU;;-I -l-------f--'----:1::;83:-+-;1--:3:::3-pC::cU:;;I-+-------j-------~f-_-_ -_----J---_---f-----'::~':--~4'-:,:-~--=-3;.'::-8~1 -" DC:::-ii:O'III--t I 
~4:: ---~~~- ---- - --- --:-~ 
OutfaiOOB 1112912011 T:tArrt::ca - - - --~--- - -~-~-~~~~ F2~~~~11 - --61-lng/T - _!!_!!:_ _~-~-~-~-'-'"+------1--'2::c8_c+l~- 34=.:U,_,pC= UI'----t------+--'17'-'0'-'+-'-1-_:3::.2.<:pC::U.:_I_r------L-------I-----t---- ----t-- '=".::·•.:.•=-l-:::3·::.• .<:pe::•c.1_, 

~::~---- _!~~;11 T~::e;ca ,----;,~;::---I!-;~:;;~;-'~':"'~O::"-o"r-''"o~7.19;';;~oi-/"5-t--4,.0,.mgi=-+·1.._.1_•_1-_.S._8 _U_...pC-'-U'11!-------I ~~ __ _ 72 +/- ~4 pCill - -~--::-- -- · ----::-- -------::--- --.,·'_•3•.',"_~~~--no pepe,.•l_~-~ 
~= ~~~~~ Te:,:e;~- -- ~-- ~~ =~~ ~~~ --23fniii-~:·_:_3_:•1c- •=:~2:_U:.._ocpC::U1---:.--:.--:_-_--:_:::c_--:_--:_--:_--:_i--:_--:_~·-:::.3-o1'-·,+.:_/"·:_:-.-;1::.9:pC;;;_::_'ii .. .:_;~_-f;~~~--:_::,~=::_::,~--:_::,~~f-_--:.=--:_-== .. 59:::·.-.-_:_+;:;/:_-:-~1;,-2,_,--;::pC~·-,::Cll,.-1:_·~~-_;_;~~~~~--=~~~~~~-i~~~~~-~--::----:_--:_--:_--:___---f_---:::_:.:::=::,+-----,_::-----+_-3:::.22:__:_:•/-:-0:::.38:.!::p:::CU:_I---tf 
2_~~------ --- 51 1112011 TestA~ ·--DD--~g- . F1E110517 - -2.5 +/- 8.<l u·pCiil 8 +/-18 U pCUI 47 +1-11 pC ill _____________ 1

1 
____________ _ ___________ - ---------. 

Outfall008 ~1&201T - -Hentage DO QC perrl'ng 61273 33 mgll 

~= 1~1~~\~ T~:e;ca ~ ~~ :::~ F1~~545 -~2;,2c;mgl=l-+"·::c3.c• lc:_-•:::·"=-"=pC=':::I ,-----=---+-"-3~+1-.:1fifi)CiJi- 84 +/- 14 pCi/1 4.6 +1- ~.1 pCilll 

9-~~-----r!-Y~!!?Q!~ __ r_~~f,ca _ --oo-- -va~J-dated 'FOK170562-==-~-=--~~-~ 2~+7~7lf1Tptili ,.-.::;.,~_,;•o-=pe"UJ"'--11-------+----:;c .. .,_2••;:;1-'9>:'_.7c;,p~c'!.'"'':.::,i::,::,::,::,::,::,::,::,::,::,::,::,::,t::,::,::,::,::,::,::,::,::,-::-.::,::,-=f'=_::,::,::,::,::,::,i::,::,::,::,::,::,::,::,::,::,i::,-:::•':'·3"-'2:.'''-"o.'-7s"-pe""li'~ 
g~:: ~~~~ T:~:a ~~- ~a:a~~g Fo:OS:94 ____E_~II ((8+/-7.9UpCill 11+-13u~i/ !)IS+/ --~il~ --- - - _ -~------....!--·--- ------------l---':c'·"'c;_1_+1'-- '-'u~ .. '-'-':>Upc:c:.L'U _._ 
outt~ooa 512512010 ------.=i9rftage-- ---D<Y-~ Q~ _60022 ___ -- - 621T~r-~- ----- _J_ 
otrttaUooB____ _ __ 512512010 -r·es~merfca DO validated FCE250568 ~.757 • I- 5.5 u pc~ 5.21 +1- 2.o u peu1 1- _- 11;r:tf-9"'.o= ,._m,u -+-----:,-----+---=------- 3.24+1- o.34 peiifl 
Outfal008 --·· ---~10 TestAmerica DUP V ~d ted FOE250568 - '!_~· .. 81·~-+-/- 5.3Uo;pC;,-.,VI·i-----::----- 1.25+1-1.2UpCill --=----r-- 1U!:t+-8.:tpCitl ---c---=--+-----,---,--t~i.35+1-0.36pCil l I 
Dutfall008 212512010 Hf'!rrtage DO aca pe':d~ --sooSo-- --2f'in9/l _ ---..=-----~·-----+---'-"'--'--'_=-=-'"'---t---_---J+-----'-'-'---'"-'=-+-------,--------'1----- ---------t---'=-'-'=-=-'-'-'-' 
g~---- ~=~ r~:e;ca ---~~~ -~~=:~ FC:~fa- -~;-.,;;,._;;;;-,;~r-+'::.:·'c:•=-r::-.::•-:4UDCill::•=pe.._·:::_ __ -=-__ +-__::'":.:'c:cl-_:f::_o-.._Li-_,.p_c::·ll:.:.--l __ --=--J---56.3+1=-9.4pc~~ f----- - 3.60 +1-0.53 j)ci.ii~ 
g:: =o: T~~i~;ca __ -BaQ_ ·--~- ~~--fg~~~-~!~jltU=~--. 8+i:-ftHipc·m- --- -- . ----'---,7,-3 ::;+1~- 1"3c:pC"""UJ--+-------t--------i-----t-------+--.-3."'71"•"1-"o".so""'pC"'U"I --l, 

~a: = --~:;; __ ---~p ~:~:::~ ~~= ~~7~~~~~---=-----------~--~·;-·~~::;~11~:2~;;;~-=~r~UfU,--+----,_::---_i------.,~.,:·-.,/~1~1~~ ~- ----- -_---- -=-- ---~~-=~---!=~::~~~--·-42 pC~I~ 
Outtall008 517f2009 Hentage DO Va~dated 58370 25 mg/ i g::: ___ __ ;:9 _ _I~~~:~_ ----tib- - ~~~;:- .f.~~ ----,3,1 "'mg~=-l -+--'-•_•1_-•cc·•-'-u'--"-pe'-'u"-f+·l·_-_-_-_-_-:_=-_-_-_-_--t+--_''.i' c:.·"•:!-•1~- 9!_'.9f.'UI',._pe"':.:"•.!:"'l ~t~~~~~~-~:~~~~~~~~-=-~~~~~ .. ~~_.•;:;1~-:-'~':"'pe;;::.:•"l;~~~-+t~~~~~~~~.:::_:~~~~~---I~~--~~~-:-=:~~~--~:~~~:~~~-~~~~~-:-=:~~----~-~L~-,4',·2':•:•"'1"-"o.,.•~~--;;pe:<nif.-l --j 
OutfaiiDOS 2J12J2()C9 TestAmerica DC Validated F98120270 0.1 +/-5.9 U pCill 4.4 +- 8.2 U pCill 73 + -13 pCil 4.24 +/- 0.58 pC-iJj-
Outfall008 11/412008 __ _ !::l:ntage DO Validated ~c;5=;76;c7;;4'-"-ll----..24.-;mgl=l,----j--- --f--'-------1------- _ --=- -l--- ----·+-1 --.-.nc;;;-,crr-;:r-, 
6Uitall00a ____ _ - -~_!!~8 TestAroorica DO ___y~~~~- F8K050148 - 0.8 +1-7.0 U pCil 20+1-12 pCi'l 66 +/- 11 ptiil I 4.19+/-0.54 pCIII 
OutfaiOOB 11/412008 Tes!Amenca DUP Vaidated FBK050146 -~-~~:-s-UJ)Cilf-::---- -1-1+J":1T(Ji';pC~UI,---+----:::-----+--i66<i-..T:I-~11i.;pC~~iij--
5~~:----~~i- ___ .!:!_e~~age DO Validated 57153 49 mgll __ - --- _ _____ •:n--1---· _ [----- ---------- '--- - - ~;r--
Outfal008 ·· 711612008 ~==: ~P ~=:~~ ~~~~=-~,.,:~;:~~~~ l-----+-_:;.:~~7,7 •""~~:.,-.;;~;,;;• ui'" pe!:ic~~,f-----:::-----+----.~,::::;-;:.;,~:.;~:;;::-;;-~,;~:,;-iii:1---+--=----+-----_,~;0'~:ii!-.::~c--~ -:~-!;;-~~~;-: -t-----:~::-·_---:_-=_-=_-=_+------=---·t----:c -+-----i---=3-~29':..:•.:..1 ·-=• :.:.·46=-pec:~:::.:..-', 
outranoo~----~~-r--:-~efitage --=oo-- -v~ed:;_ r-sG732 15mgl.._l'----t,,.-;;.,......-;;-::rm-t------t- - -1 
Outf~--~- -~8 TeostAroonca DO Validated F8E06C240 0.5 +1-6.1 U pem ~- - L-~:0--:-2+t=--7:"HJpt~l f---BJ+l=-iSpC:'-u'l~~--t;~~~~~~~---+-------t-----+-c-----t--.4]~ +1- o.so-~i.li ~ 
outraiiOOa 51612008- -- T"eS"tA-menca-~oup-- --va.-dated- FBE060240 ~.7 +I- a.o u peil1 --_---~ - 2-.,:-1, u pev1 ss +1-1s peui 
Outfal008 311312008 Heritage DO- Validated ~~0_4:4_.~_.._75_mgl_,_l_.___,__ _____ ..J'-------'----------'--------'--------

Page 1 ofS 
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':• 

l ocation 

OuttalKJ08 
Outf.OOOS 
Outfa0008 
Out1al008 
Dutfal008 
Oul1al006 
Outfol/006 
Oul1ai006 
Out/0/1006 
Outfol/006 
Outfol/006 
OUt/0/1006 
Outfa/1006 
OUt/0/1006 
Outlai006 
Oul1ai006 
OUt/0/1006 
Outla/1006 
Oul1al006 
Oul1al006 
Oul1al006 

Page2of5 
311812014 

·.·'" 
' 

''~'·;" 
Dote lab_name_code 

311312008 TestAmerica 
3113/2008 TestAmerica 
11129t'2007 Heritage 
1112912007 TestAmerica 
1112912007 TestAmenca 
812112007 Heritage 

812012007 TestAmMica 

812012007 TestAmerlca 

512212007 Heritage -512212007 TeatAmerica 

512112007 TestAmerica 

512112007 TIKIAmerica 
31812007 Ho_mage 
3/B/2007 TestAmenca 
31812007 TestAmerica 

1212112000 Heritage 

12/2112000 TestAmerica 
12f2112006 TestAmenca 
712612006 Heritage 

611512006 Hentage 
1/1912006 Heritage 

. 

......... r..,.._ 
Sample Type Date Status lab_sdg 

DO Vaidated FSC130342 

DUP Validated F6C130342 

00 Validated 58024 
00 Validated F7K290239 

DUP Validated F7K290239 
DO Validated 55695 
00 Validated F7H220163 

DUP Valdatod F7H220163 

DO Valdat&d 55411 .1 

DO Vaidatad F7E220283 

00 Validated F7E2202B3 
DUP Val dated 1'7E22o2B3 
00 Vaidated 5400 
00 Vaidated F7C080312 
DUP Vaidated F7C080312 
DO Vaidated 5182 

-~ Validated F6 l210233 
DUP Validated F6l210233 
00 oc'""P8ndn 4811 
00 QC pending 4514 

DO QC pendn 4063 

Table 1 
Bridgeton Radiological Chemistry 

''""' 
.;t:· 

--· ~Ioili[ ~= .. --........... .-1 -Aif""l~ ~ 

NA 
-~-!~144 - ,. 

-~ * . -
0.3 • f- 8.4 U pCU 2<1 +/- 18upC~ 

1.6 +/- 8.2 U pCIII 

3 mg/1 

+ -".1 u pCL'I 11.u+l-•.•r u pe;n 
4. +-6.0Up<;UI 

11 h_mgn 
:<.O+ -8.9 U pCI/1 1• +- 2"1JPCU 

-1.3 +- 9.5 u pCi/1 

40""" 
-2.1 +1-7.8 u pt.;il 24 +l- 13 pC 111 

1.9 +1- 7.4 U pCII 18 +/- 13 u pCIII 
11 +/-12 u pCill 

2• h mg/1 
7.2 +/-8.0 U pCII 14 +1- 17 u pCill 

~.3 +/- 8.7 u pCi/1 

39 h "'""-
-3 +/-10 u pCI/1 15 +1-1 5 u pCi/1 

2.0 +I - 9.0 U pCi/ 

--rrm.n 
1200 mgl 
150 mgl 
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·c{'·· 
c.:· .. . 

--~~ ---- """"'!"M flO .: ~ --· Waioaa . 

"" NA ,.,~- "" NA NA NA . ~. 

70 +/- 13 pCIII 5.10 +1- 0.81 pC.UI 

1 +/-16 pCWI 3 ... +r- u.88 pC~I 

7 +/-l4JK.Ifl 4.88 +1- 0.80 ~-~ 

78 +/-14 pCII !.62 +/- 0.81 pCl/1 
68 +/-13 u pCill 4:30 +1- 0.64 pCifl 

63 +/- 12 pCifl 

aa +l- 1& pC I/1 8.26 +1- 0.88 pClll 

81 +1-17 pCill 125 +I- 94 U pCII 4.42 +- 0.72 pC il 
30 +I· 12'0 U pCII 
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locabon Date lab nama code Sample Type Data Statuti lab_sdg 

Outl'altooa 12/3012013 Eberltne DO OC Pending 14-01006 
I'O::u1f:;al«l08~:':----+1"'213M0:0::~13'-f--E;::be=done=-.__--J~...,D=-UP=c---- OC Penclng 14-ll1006 

Outfal0)8 911312013 Eberiule DO OC Pending 13-09091 

OutfaiKXJB 911312013 Eber.me OUP QC Pending 13-09091 

-­"" 
0,491 't-/- 1,08 pCill 

1.30 +/- 1.04 pCill 

2.09 +1- 1.33 pCill 

0.987 +1- 1.2!5 pCIII 

Ta ble1 
Bridgeton Radiological Chemi&try 

~­
NA 

Outfalt008 911312013 Eberline DO QC P•rdng 13-10138 0.8&4 +/-1.11 BQX pCIII 1.75 +/-1.45 BOX pCI/1 0.938 +/-1.08 BQX pCill 

176 +/- 42.6 pCill 

1.4D +1- 41.7 pCi/1 

!16.7+1-48.9pCill 

48.2 +1- 4&.8 pCrl 

-­Tolol 

12.73 +/- 4.86 ugll 

19.86 •1- 6.22 ug/1 

7. 79 +/- 3.43 ugll 

8.88 +/- 3.45 ug/1 

4.91 +/- 1.82 pCill 

5.50 •1-1.90 pCIII 
1.82 +1- 0.990 pCifl 

3.10+/-1.38 pCill 

1.02 ... ,. 0.906 pCill 

1.10 •1-0.959 pCw-1 
0.943 +/- 0.821 pCIII 

0.735 .. ,_ 0.809 pCrl 

--­IIA 

4.12 +1- 1.63 pCI/1 

6.51 +/- 2.09 pC~ 

2.47+/-1.15pCrl 

2.20-+1- 1.15pCIII 

OutfaiiOOB 9J1312013 Eberlme OUP QCPendng 13-10138 .0,598+/-1.28BQXpCVI 0.464+/-1 .13BQXpCUI 
0~~ W1~13 H~M~ DO QC~~ 6~5~~'-t------------,_~~~~~~~t-------------i~~~~~~~~-----------+-------------r----------_,-------------r----------_, 

Outfall008 6/1812013 E~oe DO OC Pending 13-06059 2.54 +/-0.904 pCW'I -9.61 +I· 33.7 pCiJI 0.955+/-0.532 pCIJI 0.0549 +f· 0.168 pCill 0.380 +1- 0.328 pCill 
O~MOM -------~&~1~~-~1~3-~~E~M~~~~~-t--~O~UP~--f~QC~P~~~~~~~,~~~~.~~-,O~.~~.~.~/-~O~.~~~~U~I +---------------~------------t--------------+~~=3~.1~•~1-~33~. 1~~~~--l---------------J-=,,~~~.~/-~0~.~~7~~~~~~0~.0=1~13~•~/-7o~1~~~~UI--j-~o.~~~.,~_o~.5~1~3~~=v~l f 
Outfa/1008 81181201 3 HenfBQe 00 QC pencing 64835 2_08 ugll 

Treat Comm ngled MSO 412512013 PDC DO Vlll1dtlted 3043568 

Treat CoiMllngled MSD 41512013 Ebertme DO Validated 1306015 11.0 +1·5.79 pCIII -203 +I- 187 pCUI 

Treat Corrmf9ed MSO ~13 Ebert&ne CUP Validated 1306015 6.~ +/- 6.33 pCI/1 29.8 +I· 187 pC~ 

Trea!Corrmr9e<:' MSO 41512013 POC DO VI!Wated 3041134 

O~all008 91HV2012 Hentage DO QC pending 63614 

OutfeaooB 911912012 TetitAmenca DO QC pending F21190459 7.3 +1- 2.7 pCill < 2.0ug'l 

OulfaCklOB 511512012 Hfilta~JE! DO ac penclng 63070 BDl 
~----~----------~---------Outfilll l008 511512012 Te&tAmenca 00 QC pending F2E150442 3. 7 +1- 3.3 U pCIII 

Outfall008 511512012 TestAmefica OUP QC pending F2E150442 6.2 +f- 2.8 pCI/1 

Outra1Kl08 31612012 Tet~tAmenca 00 QC pending F2C080411 7.D+f- 4.9UpCil1 < 4.0 ogl1 

Outfall008 Y612012 TMtAmenca OUP QC pending F2C080411 &.9 +f- 5.1 pCill 
outtanooa 11129J2011 He-rrtage oo ac F*fldlng 62465 

Outl'all008 811812011 THtAmeflC8 00 OC pending F1H180440 2.5+/- .I pCIII < 1.0 ug.1 

Outfall008 511 112011 Herrt:age DO QCpending 6154 1 
Outfall008 511 112011 T•tAmenca 00 QCpencing F1E110517 2-04 +/- 0.43 ~~ < 1.0tq'l 
Outf.olS 311612011 He-ritage 00 QC perxtng 61273 

F-~~~~·~~DM~------~t~1~~~~~~Q0~1~1~~-T~~~:m~,~~~=~~,---~~~- ~~:::~ ~·~1~~1~~~5~~-~· ~~--1~.4~U~~~"~t-------------_,------------~---------------r----------,_~1~•-~· ~~~-:t=3~u~~'--+------------+------------+------------l 
Outfall008 1111712010 Tett!Amecica DO Valtdated FOK170562 1.02 +/- 0.47 pCill 13 9 +/-1 9 U ug/1 

~~~::~~~:~:------~~~~~~~~~1--r~~~~~r:2~~.~--~gg~-1'a~;~~~=:a~1~~~~~-~.~o~~~m~~~~I~:.~f;~.,~ ..• ~~: .• ;_;o,,.:,~.,~,~~"~~t~~~~~~~~~~~~~~~=============~==============---~---~------~~===+--.,~.· .. ~o•-,~-~;~_-2;ow:.:~~+~~----_-~_-_-_-_-_-_+~---_-_-_-_-_~_-_-_-_-_-_4~--- ----------t 
outtatoos 512512010 Hentage oo ac pending 60022 

f-~~~~:::~~------;-~~~~~~~~--l-~~~==~~==:~,__,go~UP~_,~~::~=~:~I-~~~~~~~+-~~-,;"•>~·:,~~~u~.:~·~25~:l~~::r-ll---------------+-------------t--------------,_----------+-~~;~.~'"~• :T:~~:::~::.~·;~~i-t------------~------------+------------l 

9.8 +/- 1.3 ugll ~~~~~.:~~~------~~~~~~~~~~~~T~~~:m~'~=:=~=-1---00~oo~-1~a~;~~~~~~~~~I-Fc.o~~~2~~~~1~a+-".~~.,G.o~.~~~~"m-+-------=-------t----~:-------r------=---------­
F-~~~~.~~00~8--------II~~~~~~~~~T~~~:m7~~·:~~~-~--~~~~~~~~~~~m=~:~~.~.~~~~1~~·~·~•1."24'"•"t-•o.•s3•~~·.-t-------------_,------------~----------------l-----------+-,, .. _o~>7•t~-o".3'"7~u~.=~~+------------+------------+------------l 
OutfaiDH! 8.1612009 He·llta~ 00 Vlltdated 58742 

Outfa0008 81612009 TeatAmeoca 00 Valtdated F9H060204 1.59 +/- 0.37 pCW 2.57 +/- 0.40 U Ug/1 

Outfillll008 8J6I2009 TMtAmenca OUP Valtdsted F9H060204 1-----=-----f----~----t---=-= _ 
t;~~~~.~~~~.--------II~~~~~:~-~T~~~:~:~·:7.,=.-+--~~~~~-;~~~=~,:~::7- F9~~rnm~37~~0~7,_'1~.3~s·~,,n_o~J.~n,~l~'"m'-1---------------+-------------~--------------+-----------t-,su.~~.,r.•o.~a3'-u~o•t --~-----------,-------------r------------t 

..0.96 + -0.19 Uuof 

Outfa1Kl08 11/412008 He-ritage DO Vlllidated 57674 

t;~o~~u~:;~~~.=-======~i=t~~~~~~~~·t~=~~=~~~;~~·~~==Jo~~;==~=~~~#~~~~:=~=~:~~:~~~~:~~:~---1-.M--•t_-o __ ,_,_~_=~ __ +---------------t-------------+--------------+-----------r--7._M_•_'-_o_.M_• __ u'"~-~--~ __________ ,_ ____________ t------------l 
uarvu 7/1612008 He-rita[1E! 00 Validated 57 153 

~~~ -~~;~~~~~~~~~~=~~~:=~=.-+--~go~u~p-- r~~~==::~::~-t~~:~~~~~2~;~, __ 1_.~ __ ._,-~o._3•~~--·~r-------~-----+------~-----+------~------,_----~----+-----~------+-----~-----r----~~----+-----~-----t 
Outfalt008 5Ali2008 Hrtntage 00 Vakdl:ted 56732 Oulfa0008 5tW2008 TeetAmenca DO Validated F8E0602.t0 2.01 +/-0.41 pCi/1 O.S42+/- 0.089Uugll 

t;o~u1f~~~oo~a-----1Hs.ll2008~-;;,'f:;}C;;-_j-"""'~r~ .. ~IAm~~ .. ~rc~•'=+~--'io~UP~_-- =~v-#~~,~~=~=~•a~eg0602§~40~t==-:.:-"_"_~"-"'_-'_:::_"_---l~~~~~~~~~~~~~~~1~~~~~~~~~~~~~~~~~=~~~~~~~~-=-_:_t~~~~~~~~~~ii_:_-:=_c:_~~=f~~~~~_=!;=====~=====t======~=====-='~=====~====-=--'t 
OutfaiKXl8 311312008 Her1tage 00 Val1dat&d 65044 

\\barr.co~otectsUen Cny\25 M0\87\25871014 Bndgeton Land• RegtAat!X)'\WorkFJtes\Data Reports. and ~c\Oata Mgmt'l.l;stooc81 RadChem Data(KACL03182014.:dsx 



Page4of5 
311812014 

Location 

OutfaiiOOS 
Outfi!IIKI08 
Outfall008 
OutfllOOOB 
Outfa0008 
OutfaiKXl6 
Outfa1Kl06 
Outfa1Kl06 
Ou1fa0008 
OuUoltOOB 
Outfa1Kl06 
Outrall006 
OutfaiKX>6 
Outfal l006 

0"".0000 
OutfaiKXlB 
OuUa0008 
Outfall006 
Outf2111006 
Outfal t1Xl6 
Outfal l006 

Date 

311312008 
311312008 
1112912007 
1112912007 
1112912007 
B/2112007 
612012007 
812fJ12007 
51Z212007 
51Z212007 
5121f2007 
512112007 
3l8f2W7 
31812007 
31812007 

12/2112006 
1212112006 
12121/2006 
7tm2006 
611512006 
111~ 

lab name_code Sample Type 

TestAmEKica DO 
TestAmenca DUP 

Heritage 00 
TestAmenca DO 
TestArneriea DUP 

Heritage DO 
TestAmftflca DO 
Tos!Amonca DUP 

He<._ DO 
Tes!Amonca - oo--
TesiAmonca DO 
Tes1Ameoca DUP 

Herlta!i!! DO 
TestAmenca DO 
Tes!Amence DUP 

He<~ DO 
Tes!Amen<a DO 
TesiAmonca DUP 

Heritage DO 
Hetit.J~ DO 
Hentage DO 

Table 1 
Bridgeton Radiological Chemistry 

- -- Tltoo-.2111 ----- .... .... 114 

Data StatU!I lab_5dg 

Validated FBC130342 1.M +1- o. 4 pe~r 
Validated F8C130342 
Valida led 56024 

Vlkiated F7K290239 2.00+·0 ... !><' .. 
Validated F7K290239 
Validated 55<595 
Validated F7H220163 1.> +- · ' u """' 
Vatldated F7H220163 

~ 55411 .1 
Veildated F7E220283 1.73 +/- u.74 pCUI 

Va6idated F7=s3 1.40 +I- 0.54 peU 

Va~Kiated F7=s3 
Veitdated 5400 
Validated F1C080312 ----rr2 + - 0.59 pCI/1 

Validated F7C080312 
Vlliidated 5182 
Validated F6L210233 3.4 +1-1.4 pC~ 

Vaidated F6L210233 
ac pen<>ng 4611 
ac pending 45 14 

QC poOOng 4003 

\\barr.com\protects.Ueff Crty\25 M0\87\25871014 Bridgeton L.andf• Regulatory\WPI"kF~es\Data Reports and Mrsc\Oata Mgmt\Htltorical RadChem Data(KAC)_03182014.xh.ll 

'-Ill '111or'-134 ~ ~134 ~-
_ .. 

.... .... , ... .... .... .... 
0.68 +1- 0.093 u ugll 

1.07 +1- u. ,. u ugll · ··~ 

-211.0 +1- .... u- ugl 

..0.514 +1- 0.086 u ugl 
-0.48 +I· 0.10 U ug/1 

0.424 +1- 0.065 0 ugil 

5.88 +1- 0.16 ugll 



Qualifier 

--
DO 
DUP 
G 
u 
BOX 

BOX 

BOX 

BOX 

BOX 
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Data Qualifl~rs/Footnotes 

Definition 
Not analyzed/not available. 
Duplicale Original. 
Duplicate. 
The sample MDC is greater than the requested RL. 
lndi_cates the anaiYte was analyzed for but riot detected. 
Gross Beta 04/05/2013: Per Eberline Report 13-06015, Potassium 40 results confinn actual activity range for Gross Beta 
in the range of 407-408 pCi/1. 
Alpha 09/13/2013: Per Eberline Report 13-09091 and 13-10138, further analysis of potential alpha emitters ascertained 
that the sample does not contain any positive alpha emitting radionuclides. 
Gross Gamma 09/13/2013:· Per Eberline Report 13-09091, Gross Gamma results were calculated based on Potassium-40 
which wali the only ppsitive gamma emitting radionuclide in this sample. 
Thorium 230 09/13/2013: Per Eberline Report 13-10138, Thorium 230 resuH is biased positive and should not be considered 
a true positive. Resutts should be qualified as "Estimated High." 
Thorium 228 and 232 09/13/2013: Per Eberline Report 13-10138, All Thorium results should be qualified as estimated due to 
low chemical recoveries._Due to the_ hi!lh total sonds content, this sample _is not very_ arnenable_to_this procedure. ---- -· -- --- -- --

\\barr.com~rojects\Jeff City\25 M0\87\25871014 Bridgeton 1...8ridfill Regulatory\WorkFiles\Diila Reports and Misc\Datil Mgmt\Historical RadChem 
Deta(KAC)_03182014.xlsx 
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ANALYTICAL RESULTS CONTINUED 

GAMMA SPECTROSCOPY CONTINUED 

Sample demonstrated acceptable results for all gamma-emitting radionuclides as reported. The method 
blank demonstrated acceptable results for all radionuclides as reported. Results for the Actinium-228 and 
Potassium-40 replicate demonstrated an acceptable relative percent difference and normalized difference. 
Results for the Bismuth-2 I 4 replicate demonstrated a high relative percent difference; however, 
normalized difference is within acceptable limits for the analytical technique. Results for the Cobalt-60 
and Cesium-1371aboratory control sample demonstrated an acceptable percent recovery. 

CERTIFICATION OF ACCURACY 

I certify that this data report is in compliance with the terms and conditions of the Purchase Order, both 
technically and for completeness, for other than the conditions detailed above. Release of the data 
contained in this hard copy data package has been authorized by the cognizant project manager or his/her 
designee to be accurate as verified by the following signature. 

Laboratory Manager 

Date: 7/8/2013 

Eberlinc Analytical wants and encourages your tcedback regarding our performance providing radioanalytical services. Please 
visit http:/fwww.cberlineservices.com/client.htm to provide us with feedback on our Sc:rvices. 
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EBER.LINE 

EBS-OR-35777 

July 8, 2013 

Matt Stewart 

SERVICES 

Herst & Associates, Inc. 
463 I N St Peters Pkwy 
St Charles, MO 63304 

SAMPLE RECEIPT 

CASE NARRATIVE 
Work Order# 13-06059-0R 

EBERLINE ANALYTICAL CORPORATION 

601 SCARBORO ROAD 

OAK RIDGE, TENNESSEE :57830 
PHONE (865) 481-0683 

FAX (865) 483-4621 

This work order contains one water sample received 06/19/2013. This sample was analyzed for Isotopic 
Uranium, Radium-226/228, Gross Alpha/Beta imd by Gamma Spectroscopy. 

CLIENT ID 

OUTFALL008 

ANALYTICAL METHODS 

LABID 

13-06059-04 

Isotopic Uranium was analyzed using Method EML U-02 Modified. Radium-226 was analyzed using 
EPA Method 903.0 Modified. Radium-228 was analyzed using EPA Method 904.0 Modified. Gross 
Alpha/Beta was analyzed using EPA Method 900.0 Modified. Gamma Spectroscopy was performed using 
EPA Method 901.1 Modified. 

ANALYTICAL RESULTS 

Combined Standard Uncertainty is reported at 2-sigma value. 

ISOTOPIC URANIUM 

Sample was prepared by removing a representative aliquot followed by mixed acid digestions as 
appropriate. Uranium was selectively extracted by ion exchange. Uranium was eluted, micro-precipitated 
and mounted on micro-porous filter media. Sample activities were then determined by alpha spectroscopy 
using energy specific regions of interest for Uranium-234, Uranium-235 and Uranium-238. Chemical 
recovery was determined by the use of a Uranium-232 tracer. Activity of the Uranium-232 tracer was 
determined by alpha spectroscopy using an energy specific region of interest. 

r' Analytical Attempt 

Sample was reanalyzed utilizing a smaller aliquot due to no chemical recovery in the initial analysis. 
Sample demonstrated acceptable results for all Uranium analyses. Chemical recovery was acceptable for 
all samples. The Uranium-234, Uranium-235 and Uranium-238 method blank demonstrated acceptable 
results. Results for the Uranium-234 duplicate demonstrated an acceptable relative percent difference and 
normalized d.ifference. Results for the Uranium-235 and Uranium-238 duplicate demonstrated a high 
relative percent difference; however, normalized difference is within acceptable limits for the analytical 
technique. Results for the Uranium-234 and Uranium-238 laboratory control sample demonstrated an 
acceptable percent recovery. 
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ANALYTICAL RESULTS CONTINUED 

RADIDM-226 

Sample was prepared by removing a representative aliquot followed by mixed acid digestions as 
appropriate. This was followed by selective sulfate precipitations of the Radium. Sample was then 
mounted by semi-micro-precipitations onto micro-porous filters. Sample was counted by alpha 
spectroscopy using an energy specific region of interest for R.adium-226. Chemical recovery was 
calculated by the use of a Barium-133 tracer, which was determined by HPGe gamma spectroscopy. 

Sample demonstrated acceptable results for aJI Radium-226 analyses. Due to high total solids, sample 
fraction -03 (Client ID: OUTFALL 008 DUP) demonstrated a high self-adsorption-factor (SAF). In this 
case, the SAF was estimated as 1.0. Chemical recovery was acceptable for all samples. The Radium-226 
method blank demonstrated acceptable results. Results for the Radium-226 duplicate demonstrated an 
acceptable relative percent difference and nonnalized difference. Results for the R.adium-226 laboratory 
control sample demonstrated an acceptable percent recovery. 

RADIDM-228 

Following alpha spectroscopy analysis of Radium-226, Barium/Radium Sulfate precipitates were 
redissolved and time was allowed for sufficient ingrowth of the Actinium-228 daughter. After ingrowth, 
Actinium-228 was selectively precipitated. Precipitates were filtered and beta emissions for Actinium-
228 were then counted on a gas proportional counter. Chemical recovery was determined by the use of a 
Barium-133 tracer, the activity of which was determined by HPGe gamma spectroscopy and an elemental 
Yttrium carrier by gravimetric measurements. The product of these two recoveries was used to calculate 
chemical yield. 

Sample demonstrated acceptable results for all R.adium-228 analyses. Chemical recovery was acceptable 
for all samples. The Radium-228 method blank demonstrated acceptable results. Results for the Radium-
228 duplicate demonstrated a high relative percent difference and normalized difference. Radium-228 
duplicate variations are due to high total solids. Results for the Radium-228 laboratory control sample 
demonstrated an acceptable percent recovery. 

GROSS ALPHA & BETA 

Sample was prepared by evaporation of a representative volumetric aliquot acidified with HN03• 

Reduced sample was then transferred to a steel planchet for final evaporation to dryness and flaming. 
Sample was then counted on a gas proportional counter. Results were corrected as required for inherent 
self-absorption based on residual mass present. 

Sample demonstrated acceptable results for all Gross Alpha and Beta analyses. Due to high total solids, 
sample results demonstrated slightly high detection limits. The Gross Alpha and Beta method blank 
demonstrated acceptable results. Results for the Gross Alpha duplicate demonstrated a high relative 
percent difference; however, normalized difference is within acceptable limits for the analytical 
technique. Results for the Gross Beta duplicate demonstrated an acceptable relative percent difference 
and normalized difference. Results for the Gross Alpha and Beta laboratory control sample demonstrated 
an acceptable percent recovery. 

GAMMA SPECTROSCOPY 

Sample for Gamma Spectroscopy analysis was prepared by transferring a known aliquot of the sample to 
a standard geometry container. Sample was counted on a High Purity Germanium (HPGe) gamma ray 
detector. 
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Printed: 6120/2013 3:52PM Page 3 of3 

RepodTo: Wotfc OirJar betals: 

Eberline Analytical Ed Galbraith SDG:' 13-06015 
Barr Engineering Project:' Bridgeton Landfill 

Final Report of Analysis 
--· 

1001 Diamond Ridge, Suite1100 Analysis ~tegoil':l ENVIRONMENTAL 
Jefferson City, MO 65109 Sample MatriKT WA 

-

lab I Sample Client Sample Receipt Analysis Balch 
Analyte Method Result cu csu MDA 

Report 
ID ! Type ID Date Dille oaw ID Unite 

1~15-01 LCS KNOWN 06105113 00:00 61512013 &'1412013 13-06015 Radium-228 EPA 904.0 Modllled 8.88E+OD 4.53E~1 pCin 

13-06015-01 LCS SPIKE 08105113 00:00 1!1512013 &'1412013 13-06015 RaciiLm-228 EPA !104.0 Modifted r.:J5E+OD 9.12E-<11 UOEiOD 1.32E+OD I pCI/I 

1 a.oeo1 S-02 MBL BLANK 06105113 00:00 61!512013 &'1412013 13-08015 Racllum-228 EPA 904.0 Modlfl8d 1.58E-02 5.43E-D1 5.43E-D1 1.16E+OD pCI/I 

13-06015-03 CUP Treated Convningled MSO 04105113 13:30 61512013 611412013 13-06015 Racllum-228 EPA 904.0 Modlftad 6.99E+OD 8.13E.OO 6.33E+OD 1.23E+01 pCIII 

13-06015-04 DO Treated Commlnglad MSD 04105/13 13:30 61512013 611412013 13-06015 Raellum-228 EPA 904.0 Modified 1.10E+01 5,23E+OD 5.79E+OO 9.81E+OD pCIII 
-· 

! 
13-06015-01 LCS KNOWN 06/05/13 00:00 815/2013 61712013 13-06015 Total Activity WSRC.RP-89-387 Mod. 1.01E+03 2.22E+01 pCI/l 

13-06015-01 LCS SPIKE 08105113 00:00 61512013 61712013 13-06015 Tot.! Activity WSRC.RP-#-387 Mod. 1.04E+03 5.75E+OO 1.47E+02 1.33E+OO pCJn 

13-06015-02 MBL BLANK 08105113 00:00 615/2013 61712013 13-06015 Total AeliYily WSRC.RP-89-387 Mod. 7.34E+OD 9.19E~1 1.38Ei00 1.34E+OD pCl/1 

1a-06015-03 OUP Tralacl Canmlngled MSO 0410511313:30 6/512013 61712013 13-06015 T01aiAdMty WSRc.RP-89-387 Mod. O.OOE.OO 2.89Ei02 2.89E+02 4.93E+02 pCIII 

13-06015-04 DO Treatecl Con'mlnglad MSO 04105/13 13:30 6/512013 61712013 13-06015 T01al ACIIYily WSRC-RP-89-387 Mod. 1.80Ei02 2.92E+02 2.113E+02 4.93E+02 pCIII 

CU..COunUng Uncartalnty;CSU•Comblned S1andard Uncertainly (241gma);MDA•Minlmel o.tlclad ActiYity;LCS.L.abol'ltory Control Sample; MBL-IIIInk; DUI'aDupllcate; TRG=Normal Simple; DO=Dupllcatl Ortglnal 

EBERLINE ANALYTICAL CORPORATION 
601 SCARBORO ROAD OAK RIDGE, TN 37830 865/481-0683 FAX 865/483-4621 

I· 



Printed: 8120/2013 3:52PM Page 2 of 3 

Reoort To: Wot1c OrUer Detlll/s: 

Eberline Analytical Ed Galbraith SDG: 13-06015 
f.---Barr Engineering Project: l Bridgetoplandfill 

Final Report of Analysis --- --
1001 Diamond Ridge, Suite 1100 Analysis Categoty: ENVIRONMENTAL ----------- --
Jefferson City, MO 65109 Sample Matrix: WA 

ub I Sample Client Samp,. I R&ealpt ANiyela Bak:h 
An•lyte Method 

Repon 
10 Type 10 O.te Date O.te 10 

Result cu csu MDA 
Units 

' 
DERIVED FROM ELEMENTAL POTASSIUM 

13-08015-04 ; DO TrMted Commingled USC 04105/1313:30 13-06015 Potassium-40 EPA 901.1 Modified 4.56E+02 4.561:+01 pCIII -----
13-{)6015-01 LCS KNOWN 06/05113 00:00 81512013 81712013 13-06015 I GIOIII Alpha EPA 900.0 ModMed 3.17E+02 1.36E+01 pCin 

1~15-01 LCS SPIKE 06/05113 00:00 615/2013 817/2013 13-08015 Gross Alpha EPA 900.0 Modified 2.79E+02 3.79E+OO 3.07E+01 3.25E-01 pCUI 

13-08015-02 MBL BLANK 06105/13 00:00 61512013 81712013 13-06015 GrossAiphll EPA 900.0 Modlfoed ~.SOE-02. 9.87E-02 9.90E-02 2.73E-01 pCl/1 

13-06015-03 CUP Trea1ad Commingled MSO 04105113 13:30 61512013 81712013 13-06015 GroMAipha EPA 900.0 Modified ·1.40E+01 5.81E+01 5.82E+01 1.47E+02 pCl/1 

1~15-04 DO TnNIIed Commingled MSO 04105113 13:30 61512013 617/2013 13-06015 Gross Alpha EPA 900.0 ModMed -2.S9E+01 5.87E+01 5.67E+01 1.52E+02 pCIII 

13-06015-01 LCS KNOWN 06/05113 00:00 I 61512013 811412013 13-015015 Gross Alpha EPA 900.0 Modllled 3.13E+02 1.35E+01 pCi/1 

13-06015-01 LCS SPIKE 06105113 00:00 61512013 8114/2013 13-06015 Gross Alpha EPA 900.0 Modlfl8d 2..83E+02 5.14E+OO 2.91E+01 2.SOE-01 pCIII 

13-08015-02 MSL BLANK 06105113 00:00 111512013 811412013 13-00015 GroesAipha EPA 900.0 ModMed O.OOE+OO 1.04E-01 1.04E-01 2.65E-01 pCIII 

13-06015-03 CUP Treated Commingled MSD-DISS 04/05113 13:30 61512013 611412013 13-015015 Gross Alpha EPA 900.0 Moclllled 2.83E+01 6.79E+01 8.80E+01 1.36E+02 pCI/I 

13-011015-05 00 Treetad Convnlngllld MSD-DISS 04105113 13:30 61512013 611412013 13-08015 Gr068 Alpha EPA 900.0 Modified 1.17E+02 9.04E+01 9.13E+01 1.12E+02 pCI/1 

1~15-06 TRG Treated Cormlingled MSO-SUS 04105/13 13:30 81512013 6/1412013 13-06015 GroaeAiphll EPA 900.0 Modified -5.88E+OO .oi.15E+C1 4.15E+01 9.00E+C1 pCI/1 

13-011015-01 LCS KNOWN 06105113 00:00 61512013 61712013 13-06015 Gron Beta EPA 900.0 Modified 2.23E+02 6.70E+OO pe1n 
13-06015-01 LCS SPIKE 06105113 00:00 81512013 81712013 13-06015 Grosa Bate EPA 900.0 Modified 2.52E+02 2.99E+OO 3.48E+C1 8.05E-01 pCl/1 

13-08015-02 MBL BLANK 06105/13 00:00 61512013 81712013 13-06015 Gross Bela EPA 900.0 Modified ·2.80E~1 3.23E-01 325E~1 7.11E.01 pCI/I 

13-06016-03 CUP Tnlllled Commingled MSD 04105113 13:30 61512013 817/2013 13-06015 GIOSII Beta EPA 900.0 Modifted 4.08E+02 8.75E+01 1.04E+02 1.47E+02 pCI/I 

13-08015-04 DO Tlellted Commingled MSD 04/0511313:30 61512013 817/2013 13-06015 Gross Beta EPA 900.0 Modified 1.86E+03 1.33E+02 2.90E+02 1.44E+02 pCi/1 

13-06015-01 LCS KNOWN 06105/13 00:00 81512013 811412013 13-06015 GroMBeta EPA 1100.0 Modified 2.2.0E+02 &.81E+OO pCIII 

1~15-01 LCS SPIKE 06105113 OO:lJI) 6/512013 611412013 13-08015 Groll Beta EPA 900.0 Modified · 2.48E+02 4.20E+OO 3.48£+01 7.03E-01 pe1n 

13-06015-02 MBL BLANK 08105/13 00:00 I 61512013 611412013 13-06015 GronBe1a EPA 900.0 Modified -3.27E-01 4.08E-01 4.09E-01 7.88E-01 pCI/1 

13-08015-03 CUP Treated Commingled MSD-DISS 0410!i/13 13:30 61512013 6/1412013 13-08015 GIOSI Beta EPA 900.0 ModMIId 6.67E+02 1.30E+02 1.59E+02 1.5BE+02 pCI/I 
-

13-015015-05 DO Treated Commingled MSD-OISS 04105/13 13:30 61512013 611412013 13-06015 GroaiBete EPA 900.0 Modified 4.64E+02 1.25E+02 1.41E+02 1.7DE+02 pCI/I 

13-08015-06 lRG TrMted Commingled MSO-SUS 04/05113 13:30 8/512013 811412013 13-06015 GrOI8 Bela EPA 900.0 Modified 1.48E+D2 7.57E+01 7.83E+01 1.15E+02 pCI/I 

CU•Countlng Uncertelnty;CSU=Comblned Stand•nl Uncer11ilnty (2,slgm•):MDA-Minlmll o.tecled ActlYity;LCS=L8bonltory Control B•mplt: MBL.,BI•nk; DUP.Dupllcllle; TRG-Normal Sample; oo-oupllcltll Original 

I EBERLINE ANALYTICAL CORPORATION 
601 SCARBORO ROAD OAK RIDGE, TN 37830 865/481-0683 FAX 8651483-46ZI 
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